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ABSTRACT
ONTOLOGIES AND METHODS FOR INTEROPERABILITY OF
ENGINEERING ANALYSIS MODELS (EAMS) IN AN E-DESIGN
ENVIRONMENT

SEPTEMBER 2007
NEELIMA KANURI, B.S., BIRLA INSTITUTE OF TECHNOLOGY AND
SCIENCES PILANI INDIA
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Ian Grosse

Interoperability is the ability of two or more systems to exchange and reuse
information efficiently. This thesis presents new techniques for interoperating
engineering tools using ontologies as the basis for representing, visualizing, reasoning
about, and securely exchanging abstract engineering knowledge between software
systems. The specific engineering domain that is the primary focus of this report is the
modeling knowledge associated with the development of engineering analysis models
(EAMs). This abstract modeling knowledge has been used to support integration of
analysis and optimization tools in iSIGHT FD1, a commercial engineering environment.
ANSYS2, a commercial FEA tool, has been wrapped as an analysis service available
inside of iSIGHT-FD.

1
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iSIGHT-FD is developed and distributed by Engineous Software Inc., Cary, NC
ANSYS is developed and distributed by ANSYS, Inc., Canonsburg, PA

v

Engineering analysis modeling (EAM) ontology has been developed and
instantiated to form a knowledge base for representing analysis modeling knowledge. The
instances of the knowledge base are the analysis models of real world applications. To
illustrate how abstract modeling knowledge can be exploited for useful purposes, a
cantilever I-Beam design optimization problem has been used as a test bed proof-ofconcept application. Two distinct finite element models of the I-beam are available to
analyze a given beam design- a beam-element finite element model with potentially
lower accuracy but significantly reduced computational costs and a high fidelity, high
cost, shell-element finite element model. The goal is to obtain an optimized I-beam
design at minimum computational expense. An intelligent KB tool was developed and
implemented in FiPER3. This tool reasons about the modeling knowledge to intelligently
shift between the beam and the shell element models during an optimization process to
select the best analysis model for a given optimization design state.
In addition to improved interoperability and design optimization, methods are
developed and presented that demonstrate the ability to operate on ontological knowledge
bases to perform important engineering tasks. One such method is the automatic technical
report generation method which converts the modeling knowledge associated with an
analysis model to a flat technical report. The second method is a secure knowledge
sharing method which allocates permissions to portions of knowledge to control
knowledge access and sharing. Both the methods acting together enable recipient specific
fine grain controlled knowledge viewing and sharing in an engineering workflow
integration environment, such as iSIGHT-FD.

3

FiPER is developed and distributed by Engineous Software Inc., Cary, NC

vi

These methods together play a very efficient role in reducing the large scale
inefficiencies existing in current product design and development cycles due to poor
knowledge sharing and reuse between people and software engineering tools. This work
is a significant advance in both understanding and application of integration of
knowledge in a distributed engineering design framework.
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CHAPTER 1

INTRODUCTION AND OBJECTIVES

1.1 Introduction
Engineering product design is the process of developing a system, component or
process to satisfy required objectives. During this process engineers communicate with
various types of information like form, behavior and function. It is a decision making
process in which engineering and mathematical sciences are applied to convert resources
optimally to meet a stated objective. During the design of an engineered product,
engineers rely heavily on engineering analysis models to inform design decisions. With
the increasing ubiquity and relative low cost of computer hardware and software,
manufacturing companies are relying more and more on engineering analysis models
(EAMs) of engineered products to inform product development. Various modeling
assumptions, idealizations and justifications or supporting rationale are made during the
development of analysis products. Thus, the development of an EAM is a cognitive,
knowledge-based activity. Unfortunately, there are no current systems that provide
efficient mechanisms to capture and share this knowledge in a computational
environment. Since product development is evolutionary by nature, EAMs are
evolutionary and ought to be reused and adapted for similar applications as much as
possible to reduce model development time and costs.
Product evolution might require changes in the design requirement, test
conditions or a change in the process of manufacturing. If designers can evaluate the
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effect of change in one of the above mentioned criteria, and notify the end user in an
appropriate way, then reusability and adaptation of previously developed EAM’s can
reduce product development time and cost. The exchange of only the input and output
files of a model is not sufficient for reusability of the product or analysis model in a new
environment. The transfer of knowledge between different tools has been difficult for
engineers during the past because of the fact that engineers should enter the information
about the processes separately in the format that the tools can understand. This has often
led to inefficient exchange of knowledge.
Interoperability is defined as the ability of two or more systems to exchange
information and use the information that has been exchanged [IEEE, 1990]. For
organizations to collaborate productively, they must be able to produce and use
interoperable knowledge. Interoperable knowledge is the knowledge which can be easily
exchanged between different software packages. One major problem with the emergence
of various heterogeneous CAD systems is the lack of interoperability among these
systems. A 1999 study by RTI International [NIST 1999] estimated that imperfect
interoperability imposes costs of at least $1 billion per year on the U.S. automotive
supply chain alone; other industries may have similar costs associated with lack of
interoperability among CAD/CAE/CAM applications. As the complexity of products
increase and gets distributed, rather than the traditional CAD and analysis tools, new
software tools with a suitable environment for supporting interoperability between
existing tools are required.
Engineering knowledge that is brought to bear on engineering tasks has been
identified as knowledge regarding geometry, time, engineering principles, mathematical
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formulations, experimental knowledge, standards, constraints, goals, objectives,
qualitative behavior etc.[Dym et al, 1991]. Since there have been no current systems that
provide efficient mechanisms to capture and share modeling knowledge effectively, a
system for describing such abstract knowledge about models has to be developed. This
system should provide support for the representation and reasoning of design and
engineering knowledge for rapidly evolving products and processes.
One of the most promising ways to separate and represent domain knowledge
from operational or problem solving knowledge is through the use of ontologies. We
have taken the definition of an ontology as a formal explicit description of domain
concepts. Ontologies are used to facilitate knowledge sharing, reuse, agent
interoperability and knowledge acquisition. [Noy et al, 2001] elaborate to define an
ontology as a formal explicit description of domain concepts. These domain concepts
include classes, their properties called slots, and the instances of classes, which have
knowledge associated with the properties of a class. An ontology for representing and
sharing engineering analysis modeling (EAM) knowledge in a web-based environment
has been developed by Grosse et al, 2005 and implemented into a computational
knowledge base system, called ON-TEAM, using Protégé [Protégé, 2005]. Methods can
be developed to operate on the knowledge base systems to facilitate reuse and
interoperability of engineering analysis models. These methods when integrated in a
product development environment like iSIGHT-FD, help in developing intelligent
decision making tools for automating the processes of analysis and optimization.

3

1.2 Objectives
The main objective of this work is to develop methods that facilitate reuse,
adaptation and interoperability of engineering analysis models through the use of
computational knowledge base ON-TEAM. To achieve this objective, firstly, methods
that operate on the knowledge base to extract knowledge associated with ON-TEAM
have been developed. Later, methods that use knowledge associated with ON-TEAM to
intelligently drive tools for developing automated systems have been developed.
One method that operates on knowledge associated with ON-TEAM is the flat
technical report generation method. This method describes the properties or class
relationships of an engineering modeling analysis class or the modeling knowledge
involved in the development of a specific engineering analysis model. It is a JAVA
application that accesses the EAM knowledge base application using the Protégé
application programming interface (API). It presents the user a graphical user interface
for selecting the EAM class or specific analysis model instance and then exports the
appropriate knowledge to a text file to form the basis of a technical report.
Secondly, a method controlling knowledge access and sharing is developed which
allocates permissions to portions of the knowledge base according to accessibility
permissions. This method controls as efficiently as possible fine grain knowledge
sharing. Both the methods acting together enable automatic generation of recipientspecific technical reports based on the recipient’s security permissions and customized
knowledge viewing.
Thirdly, implementation of these methods and our EAM knowledge base
application as components within a product development environment is presented.
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Methods have been developed to represent knowledge in the form of customized
technical reports with secured sharing of the knowledge.
Finally, a method which uses knowledge from the EAM knowledge base to
interoperate between analysis and optimization tools is demonstrated. This method
operates on the EAM ontological knowledge grabbing specific parameter values and
meta knowledge to intelligently run analysis and optimization tool in a commercial
workflow environment. For this method the I-beam and its corresponding finite element
models is used as test bed application to optimize the model based on design variables
and objective functions. Optimization of I-beam is a problem which minimizes the
volume of the I-beam based on the stress constraint. The design variables are the height,
width and thickness of the beam. The EAM knowledge for the beam and the shell
analysis models will be exploited to intelligently shift between the models during the
optimization process based on eccentricity and accuracy expectation required. The
modeling knowledge from the EAM ontology is used as design parameters for the
optimization process. The design parameters for the I-beam optimization problem are the
values for input parameters for the I-beam instance of the EAM ontology.
Sharing of knowledge in a product development environment and interoperability
between analysis and optimization tools will be the first step in developing methods
which operate on an ontological knowledge base. Methods can also be developed to
componentize customized tools used for model design. These tools when componentized
in the product development environment help in effective exchange, reuse, adaptation
and interoperability with people, tools, or agents.

5

CHAPTER 2

REVIEW OF RELATED WORK

The first knowledge-based or expert system, Dendral [Feigenbaum and
Lederberg], was developed in 1965 by Edward Feigenbaum and Joshua Lederberg of
Stanford University in California and was used to analyze chemical compounds. Since
1965, knowledge-based systems have enhanced productivity in business, science,
engineering, and the military. They also attempt to predict the weather, stock market
values, and mineral deposit locations. Knowledge-based systems appear to have a great
deal of potential, but they also face some challenges. These include the shortage of
knowledge engineers with necessary skills and the relative immaturity of many of the
available tools.
Most knowledge based systems deal with very specific problem domains, and
therefore do not undertake or support a complete activity The benefit that such software
offers is not necessarily to automate the process completely and cut costs drastically, but
to assist the user to complete the activity faster, somewhat more cheaply, and probably
more accurately.
Researchers from the field of Knowledge Engineering (KE) have proposed
systematic guidelines for the development of knowledge based systems since the mideighties [Studer et al, 1999]. CommonKADS is a methodology to support structured
knowledge engineering. CommonKADS provides the tools required to analyze
knowledge-intensive tasks at different grain-size levels [Schreiber et al, 1994]. Moka
[Moka, 1998] was developed in 1998 for collecting, structuring and formalizing the
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engineering knowledge associated with designs. This made it easy to plan and organise
the process of building KBE applications, updating them and re-using modules. Though
CommonKADS is a powerful tool to support knowledge management within a highly
secured environment, it does not provide a free source API (Application programming
Interface) for developing and sharing of object oriented methods which support
interoperability between different tools. Moka has a design oriented knowledge
organization, but does not support development of new object oriented methods by
modifying the API.
The MRA (multi-representation architecture) routinization process proposed by
[Peak et al, 1998] is a knowledge capture technique for transforming physical behavior
research and design standards into catalogs of ready-to-use analysis modules. It is
particularly aimed at capturing reusable analysis knowledge at the preliminary and
detailed design stages.
STEP [SCRA, 2001], Standard for the Exchange of Product Model Data, provides
a representation of product information along with the necessary mechanisms and
definitions to enable product data to be exchanged. The exchange is among different
computer systems and environments associated with the complete product lifecycle
including design, manufacture, utilization, maintenance, and disposal. STEP uses
application protocols (AP’s) to specify the representation of product information for one
or more applications. For example STEP AP 209 supports finite element analysis model,
finite element analysis model control and results but fails to support alternate
representation of the information by tools outside of design and analysis, and the explicit
graphical presentations derivable from design or analysis product representations. The
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ultimate goal of STEP is an integrated product information database that is accessible and
useful to all the resources necessary to support a product over its lifecycle. Commercially
available STEP translators address only geometry, analysis and configuration
management data. As of yet, they do not support the meta-knowledge associated with an
engineering analysis model and its secured sharing.
Though there have been formal representation schemes for modeling knowledge,
these systems cannot be easily extended by methods that would operate on this
knowledge or exchange this knowledge with other people or tools. There is a need to
separate out operational knowledge, i.e. problem solving methods, from the domain
knowledge upon which the problem solving methods operate. One of the most promising
ways to share and to separate and represent domain knowledge in an object-oriented
manner from operational or problem solving knowledge is through the use of ontologies.
An ontology is an explicit specification of conceptualization of a domain [Gruber,
1993]. Thus, by the definition, an ontology is a set of concepts and their relationships.
The Protégé [Protégé, 2005] view of an ontology consists of a defined class as an abstract
representation of a concept in a domain. Each class has properties called slots which
describe the various features and attributes of the class. The property constraints of a slot
are described by facets. The classes are arranged hierarchically with subclasses inheriting
slots from their super classes and adding further specification with additional properties
and facets. Ontologies modeled in such object oriented nature are well suited for
implementation and developing methods which operate on them using object-oriented
languages like JAVA and C++.
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[Borst et al.,1994] and [Borst et al.,1995] have developed a set of formal
engineering ontologies called PhysSys for dynamic physical systems. During the
development of the PhysSys ontology it has been found that constructing an ontology
from smaller ontologies leads to an ontology that because of its structure is easy to
understand and well suited for reuse. Meta-level information has to be included as
attributes of engineering analysis models and information like modeling assumptions has
to be validated as examples of such knowledge. Gruber has listed [Gruber, 1995] a
number of design principles for ontologies, such as clarity, coherence and extendibility.
A knowledge base will be created with information that fills in the properties of
the classes, i.e. instances of the class object. This ontology then represents a knowledge
base for the particular domain.

It has an object hierarchy which represents the

knowledge.
The distinction between an ontology-based knowledge tool and pure objectoriented architecture is that, in the ontological knowledge based systems problem-solving
methods are independent on the knowledge structure, i.e. class and instance objects
[Musen, 2000]. This has advantage in terms of permitting a good bit of flexibility for
developers to include new functionality into the code.
Java Based frameworks have become a recent trend to support engineering
analyses. Onyx [Read et al, 1998] is a Java based object-oriented application framework
for aerospace propulsion system simulation that is capable of integrating advanced
multidisciplinary and multifidelity analysis methods, dynamically constructing arbitrary
simulation models, and distributing computationally complex tasks. But this system
requires a representation of these models to preexist in the database of components and is
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restricted to aerospace propulsion systems. MOB-FEM [Shanbhag et al, 2002a, 2002b],
and FiPER [Wujek et al, 2002] are also Java based frameworks for supporting
engineering analyses. MOB-FEM has been developed for automatically reusing finite
element modeling knowledge. A separate Visual Basic tool, called TEK-FEM, with a
graphical user interface was developed to extract modeling knowledge from a domain
expert. This knowledge is then stored in a Microsoft Access backend database. Although
the modeling knowledge extracted from the expert is based on a taxonomy similar to the
one proposed by [Finn et al, 1992], the knowledge was not represented or stored using a
formal information structure.
One

promising

platform

for

exploiting

object-orientation

to

support

interoperability of engineering analyses is FiPER [Fiper, 2000]. FiPER is a component
based web centric framework with a common protocol to enable companies to ‘wrap’
their engineering tools, data and processes into the FiPER environment. Phoenix
Integration [Phoenix Integration, 2006] is a framework that automates and manages the
analysis tools used for product development, accelerating design innovation. But, this
tool does not support optimization process yet. The application of optimization tool for
real world problems is still under development by Phoenix Integration.
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CHAPTER 3

ONTOLOGIES FOR REPRESENTING ENGINEERING ANALYSIS MODELING
KNOWLEDGE

In the recent years, development of ontologies for a wide range of applications
has been an active area of research. Ontology libraries can be found at Stanford’s
Knowledge Systems Laboratory [Stanford, 2005] and at DARPA’s DAML ontology
library. As most designers can be considered to be experts, knowledge-based systems
design can be considered to be expert systems design. Design of knowledge base systems
has become an important area of study, with a rapidly growing literature [Gero, 1985;
Hong, 1986; Brown et al, 1989].
For many years, researchers in knowledge acquisition and knowledge-based
systems have described problem-solving methods as components that are re-usable in a
plug-and-play manner [Chandrasekaran, 1986; Walther et al, 1992; Wielinga et al.,
1993]. The engineering knowledge represented by the knowledge base systems include
fundamental knowledge like phenomenological knowledge, analytical model knowledge,
numerical model knowledge, and meta knowledge, such as goals, objectives, and
intentions of the analysis model.
Design and analysis integration is the seamless integration between design and
analysis perspectives by capturing the relationships between computer based design and
analysis models [Peak et al,1998]. The design/analysis integration problem is typified by
the requirement to share geometric shape and analysis information in an iterative
environment [Hunten, 1997]. Efficient methods and tools are needed for extracting
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analysis modeling knowledge from engineers and incorporating this knowledge into a
computational environment to improve interoperability, reusability, and adaptability of
analysis models.
Ontologies provide a clear specification of the concepts used in a domain and the
relationships between them [Borst, 1997]. [Grosse et al, 2005] have developed an
ontology that would be applicable to all engineering analysis models. Figure 1 shows a
class hierarchy of some engineering analysis model types included in our ontology. The
analysis models have been classified as physics based and non physics based. The
proposed ontology is applicable to all physics-based engineering analysis models.
Models that consist of one or more connected model components with individual model
component parameters lacking spatial dependency are called lumped parameter or
discrete models. Continuum based models, which have variables or parameters that are
dependent upon one or more independent spatial variables, are classified as analytical or
numerical. Boundary element methods, finite element methods, finite difference methods,
wavelet methods, and hybrid methods are the subclasses corresponding to continuum
based models.
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Figure 1. Class hierarchy of some engineering analysis model types. The proposed
ontology is applicable to all physics-based engineering analysis models.
The engineering analysis model class has the following properties: name, creator,
creation date, modifier, modification date, model version number, and model
documentation. More abstract modeling knowledge such as model limitations, model
assumptions or idealizations, modeling assumption justifications, etc. are important for
reusability of the model. Table 1 shows the abstract, or meta knowledge needed to
support engineering analysis modeling. [Grosse et al, 2005] describes further details on
diverse properties that have been covered by the ontology for its diverse applications.
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Table 1. Properties of Engineering Analysis Models

The object classes of the EAM ontology have been instantiated to form an
engineering analysis modeling knowledge base and implemented into a prototype
software tool called ON-TEAM as shown in Figure 2. ON-TEAM is an implementation
of the EAM ontology and the instance knowledge. The Protégé environment has been
used to develop the ontology. Protégé helps users build other tools that are customtailored to assist with knowledge-acquisition for expert systems in specific application
areas [Musen, 1989]. The EAM ontology can be interfaced with the current COTS
(commercial-off-the-shelf) tools in the engineering analysis domain using the
input/output command files and the application program interfaces (API’s) of Protégé.
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The Protégé GUI can be customized to present diagrammatic output of knowledge in an
ontology using the graph widget as a plug-in for Protégé. It is also particularly useful for
visualizing networks of instances and relationships between instances. Thus, ON-TEAM
can be extended with object-oriented methods that operate on the knowledge base to
perform various tasks.
As a first step toward creating such sophisticated methods for exploiting the ONTEAM knowledge base, we have implemented some simple JAVA-based methods that
operate on the knowledge base [Kanuri et al, 2005].

Figure 2. Implementation of ontology for representing Analysis Modeling
Knowledge
One method that has been developed is a technical report generation method. This
method creates a flat technical report that describes either the properties or class
relationships of an engineering modeling analysis class or describes the modeling
knowledge involved in the development of a specific engineering analysis model. This
method can be used to assess the properties of an engineering analysis model stored in
ON-TEAM. This method is a simple but representative example of how a Java
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application can access the EAM knowledge base application using the Protégé
application programming interface.
The user first selects an ontology using the GUI created by the technical report
method. Figure 3 shows how the user selects a class from the tree structure of classes in
the EAM ontology. This is the class structure generated by the EAM ontology in Protégé.
The class hierarchy of the EAM ontology generated in Protégé is viewable and accessible
but the property and instance knowledge of the EAM ontology is protected and managed
by permission levels and the JAVA programming code. We are able to include the class
structure of Protégé in the technical report method by accessing Protégé’s application
programming interface. The class analysis model contains the classes physics based
model, continuum based model, analytical model, numerical model and finite element
model in the order as listed. When the finite element model is selected the GUI displays
all the instances of this class.

Figure 3. Class tree of EAM ontology
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Figure 4 shows a list of instances of modeling knowledge associated with three
different finite element models found under the finite element model class from which
the user can select. The instances are CCSB belt, lateral elevator model and simple shelf
bracket model. The instances of a class inherit all the properties of a class, so the various
instances each have all the inherited properties such as name, documentation, model
inputs, limitations, idealizations, limitations etc, and as instances they have

values

associated with these properties.

Figure 4. Instances of the EAM ontology class generated are CCSB-2-D model,
lateral elevation model and simple shelf bracket.
Once the user selects a specific instance of the class, the technical report method
is applied to the instance information in the knowledge base to generate the appropriate
technical report. Figure 5 shows the technical report generated for the CCSB belt
instance.
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Figure 5. Flat technical report generated for the CCSB-2-D model
The technical report method currently writes out the knowledge present in the
ontological knowledge base to a file. The corresponding sentences associated with this
knowledge have to be manually written and the knowledge placed at the right place in the
sentences to make meaningful technical reports. An enhanced technical report method
can include a parallel class for technical report sentences to generate dynamic technical
reports. This method when componentized in a product development environment can
generate multiple technical reports based on the user’s permission to access the
knowledge present in the ontology. A JAVA programming interface has been developed
to include the technical report method in the product development environment. This
work is presented in the following section.
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CHAPTER 4

IMPLEMENTATION OF THE OBJECT ORIENTED METHODS IN PRODUCT
DEVELOPMENT ENVIRONMENT

[FiPER, 2005] is a software product that serves two main purposes. It is an
internet based distributed framework which supports collaboration among geographically
distributed engineering and business partners. It provides a common standard way to
model analysis and design processes in conjunction with the product data. Fundamental
to the FiPER project is its web-based distributed software architecture. This product
development distributed environment enables data exchange across the web and access to
various engineering tools that support product development. For purposes of our current
experiments, the Protégé technical report method is wrapped in FiPER as an activity
component. Figure 6 shows how the technical report component in the FiPER
environment can drive the FiPER wrapped MS Word to create a MS-Word file instead of
a text file. Figure 7 shows the editor of the technical report component in FiPER.

Figure 6. Protégé component working in FiPER environment.
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Figure 7. Protégé editor accessed from within FiPER environment
Figure 8 shows how the user uses the Protégé editor’s GUI componentized within FiPER
to select an ontology.

Figure 8. Selecting an ontology from the Protégé editor in the FiPER environment
Typically, engineers will not be interested in creating or modifying a component’s
activities inside the FIPER environment. The objective is to use the component within the
work flow of FIPER to take input parameters, perform activities external to FIPER using
the native application and return to FIPER work flow new values obtained from this
application as output parameters. The technical report component is designed to perform
end functionality, typically invoking and interacting with an external application,
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Protégé, which is completely external and unknown to FiPER. This is done by
developing the technical report method as a custom component which involves writing
the JAVA adapter that implements specific interfaces provided in the FiPER software
development kit. Also, this way of creating a custom component provides access to the
FiPER system from across a network without any additional software installation on the
client machine.
The Protégé knowledge base contains only slots and knowledge associated with
the slots in a hierarchical manner. The technical report component generates meaningful
sentences within the product development environment. This is done by creating a
parallel class of “Technical report” in the knowledge base to write meaningful sentences
associated with the slots and their values. This parallel class of “Tech report EAM”
contains all the classes and the slots associated with these classes. These slots have been
defaulted to be of type string, so that meaningful sentences associated with these slots can
be written. The default value facet of the slot has been used to create the technical report
sentences. Previously, for developing components the knowledge format that has been
used for representing the ontology got stored as project files in Protégé. These file
formats do not support efficient exchange/reusability of knowledge with other standard
available tools. The knowledge base format has been changed to standard OWL
representation. Like Protégé, OWL is used to store ontologies, and its API allows for
retrieval of the information of the ontology. Ontology files using OWL format are more
shareable, reusable and also support product development environment for accessing and
working with them. But this format does not support the concept of a default facet.
Hence, the default instances have been used to create technical report sentences instead of
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default facets. Figure 9 shows the parallel technical report class with all the classes of the
EAM ontology knowledge base and the corresponding slots. It can be seen that the
default values of the slots are technical report sentences. The default slot values can be
overridden by the instance values of the slots. That is, when an instance for the “Tech
report EAM” is created, the user can write new sentences corresponding to each slot
value. This enables generation of dynamic technical reports using different sentences to
describe a slot. The instances for “Tech Report EAM” class will be created by the user
when dynamic technical reports are needed.

Figure 9. Parallel class of “Tech report EAM” created for technical report
generation method.
A JAVA programming code for developing parallel class of “Tech report EAM”
has been developed by using the Protégé API. This code automatically creates all the
classes and slots associated with the knowledge base for writing meaningful sentences for
the generation of technical report. This code has also helped in creating a parallel class of
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“Permissions” which is used to control the sharing of knowledge in a product
development environment. A detailed description about controlling the shared knowledge
is found in Section 5.
When the user selects an ontology and wants to view the knowledge associated
with it in the form of a technical report, the “Tech Report Generator” programming code
accesses the Protégé API to set the technical report sentences from the parallel class of
“Tech report EAM” and appends the name and value(s) of the slots accordingly, to make
meaningful sentences. When a slot value corresponding to an instance is null, the Tech
Report Generator method automatically suppresses the sentences associated with the slot.
Hence sentences with slot values as null will be discarded enabling to creation of
dynamic technical reports. These sentences written for each slot in the “Tech report
EAM” class were written during the creation of the EAM ontology. The sentences have
been written in a way to be meaningful when values and names of the slots have been
added to the sentence. This technical report works for any ontology provided the creator
of the ontology has defined the technical report sentences for each slot.
For viewing the Protégé knowledge, the technical report generation component,
“Tech report EAM”, has been modified in FiPER to contain two different components,
“Interoperate Protégé KB” and “Tech-report”. Together these two components create the
technical report. The “Interoperate Protégé KB” component grabs all the information
from the Protégé knowledge base and makes the knowledge available for inspection and
also for passing the knowledge to other components like “Tech-report”. For viewing the
instance information in the product development environment with a Protégé look and
feel environment, an Instance pointer data type has been developed. This new data type in
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FIPER allows a Protégé instance to be a parameter in FiPER. This instance pointer data
type allows inspection of the knowledge within FiPER, without being able to
modify/change the knowledge. Initially, the instance pointer data type was able to handle
only a single instance at a time to be viewed or passed as an instance data type. This
functionality has been improved by allowing the user to select multiple instances for
inspection within the product development environment. The code has been modified to
include the functionality of selecting/ passing multiple Instance pointer data types by
generating an aggregate of instance pointer data types. With this new functionality, any
instance in a Protégé knowledge base can be selected and added to FiPER under the
aggregate variable instances and documentation, i.e., technical report can generated for
each added instance. The instance pointer data type values are the instances of the
Protégé knowledge base. These values when passed to the “Tech-report” component
generate the technical report corresponding to the instance pointer data type value that
has been passed. This promotes generation of multiple technical reports at the same time.
The technical report generation method could have also been implemented by
changing the source code of Protégé to include a new facet for each slot which defines
the meaningful technical report sentence associated with the slot. But the disadvantage of
using this method is that, each time a new build of Protégé is released, the source code
has to be modified to include the new facet for each slot.
Initially, parameters to FiPER have been passed by grabbing all the slot
information from the EAM ontology knowledge base. An enhanced version of passing
parameters to FiPER can be done by passing only the parameters required for analysis
and optimization processes. These parameters later drive the analysis and the
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optimization tools. The “INSPECT-IT” method has been developed to enable the user to
fetch only required parameters, making other knowledge unseen in the FiPER
environment. This enhanced method improves the accessibility of the knowledge base by
easily passing the parameters to the FiPER environment.
The “INSPECT-IT” method has been developed by extending the previously
developed “Interoperate Protégé KB” method to grab values of input parameters from the
ontology and make them as parameters in FiPER so that they can be reused and
interoperated between different FiPER components. These grabbed values are mostly of
the type integer, real and string so that they can be used to interoperate knowledge
between different FiPER components. This component works by allowing the user to
look at the slot values within an instance in Protégé and also add individual slot values of
the instance to the workflow. Each slot value gets added to the workflow under an
aggregate, FiPER parameter with the parameter having the name of the instance. The
type of the parameter added matches the type of the slot value. For example, if the slot
value is an integer, the value is added as an integer in the workflow. The name of the
parameter that accompanies the value matches the name of the slot. If more than one
value of the same slot is added, an appropriate number (_2, _3 etc.) is placed after the
name. ”INSPECT-IT” gives the user the ability to pass the individual slot values from a
Protégé ontology to the workflow, as FiPER parameters, in addition to getting Protégé
instances, as done by the “InteroperateProtégéKB” method.
iSIGHT software integrates key steps in the product design process, automates
and executes these steps through design exploration tools like optimization, DOE
techniques and DFSS tools like reliability, analysis and robust design. iSIGHT is linked

25

to FiPER to develop iSIGHT-FD. Through FiPER infrastructure models, applications and
processes related to iSIGHT are also made easily shareable, accessible with other
engineers and groups using iSIGHT-FD. When FiPER received an update, iSIGHT-FD
(version 1.0), in February, 2006, the “Interoperate Protégé KB” component and the
“Tech-report” component that worked with FiPER failed to work. The problem was with
opening the windows for displaying the classes and instances tree structure. These
components have been made to work successfully by making each window of the
components have an editor dialog as its parent. This editor dialog box was not modal
before and has been made modal with the component editor dialog box as the parent, i.e.,
the user has to first dismiss the dialog box before clicking elsewhere.
“Interoperate Protégé KB” and “Tech-report” components do not work the same
way with OWL files as they have been programmed to work with Protégé standard
ontology project files. Hence, these components were redeveloped to work with OWL
format ontology files. Also, the data type instance pointer which is being used in a
product development environment to inspect the knowledge with Protégé look and feel
environment, has to be recreated. The components have been modified to work using the
OWL knowledge base format. Hence, “InteroperateOWLKB” and “OWLTech-report”
and “OWL pointer data type” components have been developed with the same
functionalities that the components had with regular Protégé project files. The basic
abilities of the tools are the same. For example, the “InteroperateOWLKB” looks almost
similar to “InteroperateProtegeKB” to the end user, other than using ontologies that are
represented in the OWL format rather than Protégé standard project files as a source of
ontological knowledge. However, there is much terminology difference in OWL. Instead
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of having slots and slot values using the regular Protégé project files, OWL ontology has
“properties” and “property values” that work similarly. Instances in Protégé standard
project file are referred as “Individuals” in Protégé OWL. In addition, OWL ontologies
can be stored locally like Protégé regular project format ontologies, but are often stored
remotely on the web. So, the “InteroperateOWLKB component” also allows the user to
manually enter the URL of a local OWL file to retrieve it.
Figure 10 represents the working of “InteroperateOWLKB” and “OWLTechreport” components in iSIGHT-FD. As explained above these components have the same
functionalities as “InteroperateProtegeKB” and “Tech-report” components except that the
OWL components use OWL representation of ontology rather than the regular project
files used as ontology format.

a) Configuring the components

b) Editor of “Interoperate Protégé KB”
component
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C) User Login window

d) Retrieving the ontology
Figure 10. Accessing knowledge using “InteroperateOWLKB” component
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From Figure 10 we notice that the user has to enter the name and the password,
which can be used for generating security permission to access the knowledge. Details
about permissions for secured sharing of knowledge are found in Section 5. As explained
above, the OWL file can be accessed either remotely or by entering a URL address to
fetch the OWL file.
Figure 11 shows the listing of Protégé OWL class files and inspection of the
knowledge using the GUI developed by JAVA programming. The “+” button, as shown
in Figure 11(c) allows the user to select a slot and its value and make it an iSIGHT-FD
parameter just with a button click. The slot and its corresponding value will then be
iSIGHT-FD parameters with the same data type as in the OWL knowledge base.

a) Class structure
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b) Instances for the selected class

c) The “Inspect-It” method for viewing knowledge of an Instance
Figure 11. Selecting instance and inspecting the knowledge
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If the selected slot is of type Instance, then the “Inspect-It” button allows the user to look
at the knowledge of the instance. It also gives the ability to add the slots of this selected
second instance as iSIGHT-FD parameters. The “++” button allows the user to make the
instance as an OWL instance pointer so that the user can view the knowledge within
product development environment.

a) Selected instances represented as “Owl Pointers”

b) Technical report generation component
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c) Configuring word component

d) Running the components
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e) Generated Technical report
Figure 12. Generating technical reports for multiple instances
Figure 12 shows how multiple instances can be selected and used to generate
multiple technical reports. Also, the OWL instance pointer can be used to inspect the
knowledge within the product development environment. As explained above, this new
data type can be used for knowledge inspection and multiple instance pointers can be
made as iSIGHT-FD parameters using the aggregate parameter of iSIGHT-FD. These
instance pointers can be used to inspect the knowledge and also pass the parameters to
other iSIGHT-FD components to generate secured technical reports.
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Figure 13. Creating multiple technical reports using the Tech-report method
From Figure 13, it can be seen that documentation for multiple technical reports is
made available within the “OWL Tech report” component. The user can then select an
instance of his choice for which the technical report has to be generated. Also, the user
can append the documentation of multiple technical reports to a single technical report
using the “wrapped” Word component of iSIGHT-FD. More customized generation of
technical reports and creation of single technical report by appending two or more
technical reports is detailed in Appendix A.
For secure sharing of analysis modeling knowledge method, permissions have
been introduced for accessing various technical reports, while at the same time giving
privileges for the user based on his/her permission to access the knowledge. According to
this method, the user can see the instances that he/she has permission to generate
technical reports for. If the user’s permission is greater than the permission required to
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generate the technical report, the user will be able to generate it. Details of permission
based technical reports are dealt with in Section 5.
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CHAPTER 5

SECURED SHARING OF ANALYSIS MODELING KNOWLEDGE

For sharing analysis modeling knowledge among different organizations or
groups, a common frame of reference is required, where all concepts can be placed and
understood. Ontologies are an extremely useful tool for capturing and sharing knowledge,
either through rich knowledge representation schema, such as RDF [Klyne et al, 2004]
and XML [Walsh, 1997] or through the automatic generation and sharing of flat technical
reports as seen above. However, it is important to control this knowledge sharing in order
to protect the intellectual property of organizations. Sharing of knowledge based on user
permissions is one way to enable secured EAM knowledge sharing.
How can access to ontologies be controlled to prevent undesired sharing of
analysis modeling knowledge? One solution is an access control method that supports
fine granularity control of the knowledge. The method works by including a permission
level property for each class at the granularity of slots. This slot controls the accessibility
of an individual property of the instance of the class. Now when the user wants to
generate a technical report, an enhanced version of the technical report generation
method could obtain user permission level and generate a technical report based on the
permission property of the class and of all the class slots. Combining this knowledge
access method with the technical report generation method enables automatic generation
of different technical reports based on security permissions, as well as customized
knowledge sharing via RDF or XML exports.
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At the class level of an ontology, knowledge sharing is controlled by including the
instance permission level as a slot of the class. For example, the ON-TEAM engineering
analysis modeling ontology contains a class called finite element model which consists of
25 slots and 3 instances. The instances of this class are industry driven applications. Now,
to limit the access to the knowledge of this class, a new slot named knowledge access
permission of type symbol is added as seen in Table 1. The allowed values for this slot
are 1, 2 and 3. The values of this slot are assigned by the ontology developer who has
administrative privileges. The ontology developer has the highest accessibility permission
level of 1. Accessibility permission level 2 could correspond to managers and analysis
engineers of the organization who have sufficient privileges to look at almost all the
information present in the ontology but need not necessarily have the permission to
modify it. Accessibility permission level 3 might correspond to vendors or suppliers
outside of the organization who have some interaction with the organization’s activities.
They may need access to basic information about the model, but the organization is
typically not willing to share the entire analysis modeling information with them.
Standard user authorization techniques, such as secure login and database, may be used to
determine user identity and assign the appropriate permission level. The access levels
may range differently (eg. from 1 to 6) based on the level of security needed.
A programming code which creates parallel class for “Permissions” has been
developed. This class contains all the classes and slots of the EAM knowledge base. The
slots of this class have been made to be of type real to support the numbering values
based on permissions. When the user wants to look, modify or write information to/from
the knowledge base, the slot values of the “Permission” class is used to decide the user’s
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ability to view or modify the knowledge base based on the user’s permission level. This
gives a fine grained control of the shared knowledge based on the user’s identity. Figure
14 shows the permissions class and the corresponding slots of this class which have
permission values as the slot values.

Figure 14. Parallel class of “Permissions” and corresponding slot permissions which
define the permission level of each slot of the knowledge base.
When the iSIGHT-FD editor for technical report generation component is opened,
as shown above in the technical report generation component, the user first enters his
username and password. The user then selects an ontology which has to be opened. A
Protégé class tree structure shows up which prompts the user to select the class according
to his requirements. Later the instances knowledge associated with the selected class will
be shown.
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Comparing Figure 15 and Figure 16, one can notice that the instance “simpleshelf-bracket-model” does not appear as an accessible EAM instance in Figure 16. This
is because this EAM instance has a higher value for the instance permission level slot
compared to the other two instances, and consequently the user had inadequate
permission level to access this knowledge instance.

Figure 15. Access to instances before including knowledge access permission code
At the slot level of an ontology, knowledge access has been controlled by creating
a parallel class called permissions, which has a permission value stored as default slot
value for each slot of the finite element model class. Slot level knowledge access control
could also have been implemented by including the permission level of the slot as a facet
of the slot. However, this would involve changing the Protégé source code, and such
changes would have to be re-implemented with each new release of Protégé. To avoid
this problem, an alternate class for individual slot access level is created in parallel to
finite element model class.
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Figure 16. Access to instance knowledge after including knowledge access level
control
After selecting the instance, the user is only then permitted to access the instance
knowledge of each slot for which he or she has sufficient privileges. Furthermore, the
method hides the slot, so the user (i.e. knowledge receiver) is unaware of not only the
value of the slot but the existence of the slot itself. Such privileges are granted based on
the user’s permission level compared to the value of the slot’s permission level.
As explained in the section four, the “OWL tech report” component generates
documentation for multiple technical reports accessing the OWL knowledge base. The
permissions based secured knowledge sharing has been extended to write customized
secured technical reports using the iSIGHT-FD wrapped MS Word component. Filtering
of knowledge has been added for the “InteroperateOWLKB” component and the “OWL
pointer data type”. When the “Inspect-it” window is brought up, the user can only see the
property values that he/she has permission to see according to the user’s permission level
and the permission settings in the parallel permission class. If no permission level for a
property can be obtained, the default is to set the permission level of the most restrictive
setting and therefore deny access to the value to all users except those who possess top
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level of access or permission. Filtering works the same way when the user looks at the
instance/individual from the OWL pointer editor window. Figure 17 shows the working
of permission for technical report documentation in iSIGHT-FD. The user can check the
boxes of instances whose technical reports have to be generated. Figure 17 shows the
implementation of permission to the documentation of technical reports for instance
knowledge of an OWL KB.

Figure 17. Implementation of permission based knowledge control for generating
documentation of instance knowledge
This has been implemented in a way that if the user has a permission greater than
the permission required to generate the technical report, the documentation of the
technical report will be passed to the iSIGHT-FD wrapped Word component. Any user
who has less permission than the permission required to generate the technical report will
not have the privilege to document and view the technical report for a particular OWL
KB instance.
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Hence, secure sharing of analysis modeling of knowledge has also been
augmented with functionalities for secure viewing and secure technical report
documentation of knowledge corresponding to any instance of the OWL ontology
knowledge base.
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CHAPTER 6

INTEROPERABILITY OF MODELING KNOWLEDGE BETWEEN ANALYSIS
OPTIMIZATION AND DECISION MAKING TOOLS IN A PRODUCT
DEVELOPMENT ENVIRONMENT

Interoperability is the ability of two or more systems to exchange and reuse
information efficiently. The EAM knowledge base has higher level abstract knowledge
about models that have been developed. This knowledge can be used to run the analysis
and optimization tools. In the present work we have continued to integrate design and
analysis knowledge and associated tools together to demonstrate the power of such
integrated systems. ONTOPT, a Protégé design optimization ontology and knowledge
base that has been developed, has been integrated into the iSIGHT-FD environment. OPT
EAM has the features of both analysis and optimization ontologies.
An I-Beam design optimization model and its corresponding finite element model
are used as a test application to run the analysis and optimization components in a
product development environment. The integration of analysis and optimization
components in a product development environment needs to be done to interoperate the
knowledge between the tools. Though iSIGHT-FD has a built in optimization component,
there are no analysis components that have been directly integrated into iSIGHT-FD.
This task has been achieved by integrating ANSYS, a commercial FEA tool, into
iSIGHT-FD using the SIMCODE component in iSIGHT-FD. Parameters and knowledge
obtained from both the EAM knowledge base and the ONTOPT knowledge base are
passed into iSIGHT-FD as parameters to drive analysis and optimization tools. Hence,
integration of knowledge sharing methods and “wrapped” analysis tools in iSIGHT-FD
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help in running multiple analysis and optimization models within the product
development environment.
The required knowledge from the OPTEAM knowledge base is used as
parameters to run the ANSYS and OPTIMIZATION components in iSIGHT-FD. Results
from the optimization loop can be written back as values of parameters for the extracted
knowledge in the ONTOPT knowledge base system.
6.1 Analysis tool in product development environment
ANSYS, a commercial FEA tool, has been componentized in the product
development environment, iSIGHT-FD. This is done by using the SIMCODE component
of iSIGHT-FD. The data exchanger allows moving data between iSIGHT-FD parameters
and text files easily and efficiently. ANSYS in batch mode is run by submitting a file of
commands to the ANSYS program. It can be run on any operating systems as a batch job.
The SIMCODE component in iSIGHT-FD is an operating system (OS) command
component surrounded by two data exchanger components. It is used to wrap an external
program that reads and writes files for use in ISIGHT-FD models. The big advantage of
using the SIMCODE component over the separate data exchanger and OS command
component is that copying of input and output files between machines is avoided; the
files are created, used and discarded in a one step. Figure 18 shows the SIMCODE
component that has been developed to run ANSYS in batch mode.
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Figure 18. SIMCODE component for running ANSYS in product development
environment, iSIGHT-FD
The

location

of

the

executable

file

is

[“C:\Program

Files\Ansys

Inc\v90\ANSYS\bin\intel\ansys90"].
The –p option decides the type of ANSYS version being used. Vm1_dat and
vm1_out are the input and output files being used. Depending on the type of ANSYS
product working on the computer, commands can be issued accordingly as -p product
name (this will define which ANSYS product will run during the session). One of the
following commands has to be issued based on the ANSYS product running on the
computer
-p ansyul ANSYS University Introductory version
-p ansysuh ANSYS University Intermediate version
-p ansysrf ANSYS University Research version
-p an3fl ANSY Multiphysics version
Hence the OS command used to run ANSYS in batch mode is as follows.
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“C:\Program Files\Ansys Inc\v90\ANSYS\bin\intel\ansys90" -b -i vm1_dat -o vm1_out p ansysrf
Figure 19 shows the OS command issued to the SIMCODE component. Vm1.dat
is the input file of the component editor of the SIMCODE component. It has the
necessary code to run ANSYS in batch mode. In the Vm1.dat file, code has been written
to put the output at vm1.out file. So, vm1.out file need not be specified as output file in
the component of editor of the SIMCODE component again.

Figure 19. Editor of the ANSYS SIMCODE component in iSIGHT-FD
The output file is vm1.out and is saved at the same directory location as input
vm1.dat file. The vm1.dat, in general is any input ANSYS command file used to run the
analysis of a model. This command file when invoked by the ANSYS batch mode
command runs the analysis and writes the results to the output file. The output to this file
can be controlled using ANSYS commands just to include the results of the objective
functions. These values can later be used as parameters to run the optimization tools.
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The Data Exchanger component in iSIGHT-FD is used to prepare input files for
external programs and to extract data from program output files. The main operation of
the data exchanger is reading or writing a parameter. Parameters from other components
can be written to the input file by a “reading” operation of the data exchanger and
parameters from the data exchanger can be passed to other components by a “writing”
operation of the data exchanger. Parameters from the knowledge base can be read into the
input file which is used to run the ANSYS SIMCODE component in batch mode. The
results of the analysis, in particular the objectives of the analysis will be written into the
output file. These objectives can be written as parameters to other iSIGHT-FD
components.
6.2 Optimization tool in product development environment
Optimization tool in a product development environment is used to perform the
optimization of an analysis model for the given objective functions. This is done by
accessing the design parameters and objective functions of the model as parameters of a
product development environment.
The optimization component in iSIGHT-FD is a basic optimization design driver
which has all required functionality for performing simple optimization studies on
problems of various nature. The implementation of the optimization component allows
execution of any single optimization algorithm from the following list
•

Sequential quadratic programming –NLPQL

•

Generalized reduced gradient –LSGRG2

•

Multi-Island genetic algorithm

•

Hooke-Jeeves direct search method
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Most of the needs of the optimization design engineer are covered by this component.
The optimization component in iSIGHT-FD works by selecting the design
variables, the constraints, technique and objectives of the model to be optimized. The list
of parameters passed to the optimization component will also include the parameters
passed to the optimization component by other sub flow components.
6.3 Developing Intelligent Decision making tool in product development
environment
The intelligent decision making tool, “Intelligenet EAM selector”, in a product
development environment, iSIGHT-FD has been developed using the “Script” component
of iSIGHT-FD. The script component allows execution of Java code in the model. It uses
a dynamic interpreter to run the script. Details about using the script component and its
execution can be found at FiPER documentation [FIPER, 2005]. The script component is
executed statement-by-statement from the top down, meaning that classes, methods and
variables must be declared before they are first used. Parameters that can be represented
using the script component are Script real as JAVA double, Script Integer as JAVA long,
Boolean as Boolean and string as java.lang.string. The value of a parameter is copied into
the Java variable before the script starts and the value of the Java variable copied back
into the parameter after the script finishes. It performs logical operations on the input and
output parameters using JAVA programming. This logic drives decision making tools to
perform appropriately. Figure 20 shows script editor working in iSIGHT-FD.
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Figure 20. Editor of Script component in iSIGHT-FD
The input/output parameters are selected in the programming code for making the
component understand that they are the associated input/output parameters declared in
iSIGHT-FD environment. Any other parameters can be locally declared inside the JAVA
code or created as iSIGHT-FD parameters if needed.

49

CHAPTER 7

TEST BED APPLICATION

Initially the Trapezoidal belt drive system [Kanuri, 2006] was used as a test bed
example to test the working of the ANSYS SIMCODE component. Due to the
complexity and time constraints associated with the trapezoidal belt drive system, a less
complex I-Beam model has been used as a test bed application.
Engineers use beams to support and strengthen structures. An I-Beam is a beam
with cross section which looks like the letter “I”. The cross-section of a beam determines
how a beam reacts to a load, and for this test bed application a uniform beam cross
section has been assumed. Beams that strengthen a structure are subject to stresses put
upon them by the weight of the structure and by external forces. The strength of a beam is
proportional to the amount of force that may be placed upon it before it begins to either
excessively deflect or permanently yield. An I-Beam optimization problem has been
considered to demonstrate the interoperability of modeling knowledge between analysis
and optimization tools in iSIGHT-FD.
7.1 General problem formulation
Figure 21 shows a cross section of cantilever beam, which has one end fixed and
one free end. A load is applied to the free end. The model is analyzed using beam and
shell element models of I-Beam. The cross sectional area of the beam depends on its
height, width and thickness. The general objective of the optimization problem for the IBeam is to minimize the volume of the beam for constant length and varying height,
width and thickness based on the eccentricity of the load being applied. A static load of
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1000lb is applied on the free end of the I-beam. This load can be applied with an
eccentricity e ranging from 0 to the half width of the beam.

Figure 21. Cross section of I-Beam Showing Eccentric Load
7.2 Development of the analysis beam element model for I-Beam
Two models for I-Beam, the beam element model and the shell element model
have been developed. The advantage of shell element model over the beam element
model is that the shell element model captures eccentricity of the load applied on the
width of the beam. On the other hand the beam element model is suitable for quickly
analyzing the beam structures with no load eccentricity. Loads on beam element models
cannot be applied on nodes which are off centric. However, a beam element model can be
used to model an eccentrically loaded beam if the error due to ignoring the load
eccentricity is within the desired accuracy bounds of the analysis.
The beam element model has been developed in ANSYS using BEAM188
element. This element is commonly used for analyzing slender to moderately stubby/
thick beam structures. BEAM188 is a linear two node or a quadratic beam element in 3D.
It has six degrees of freedom at each node. The beam section has been defined using the
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common sections of Beam available with ANSYS and has been meshed with BEAM188
elements. This element is well suited for linear, large rotation and large strain non linear
applications. This element includes stress stiffness terms by default. The beam elements
are one dimensional line elements in space. Hence eccentricity cannot be captured by the
beam element model. The beam elements are based on Timoshenko beam theory which is
a first order shear deformation theory, i.e. the transverse shear strain is constant through
the cross section. The slenderness ratio of a beam structure (GAL2 / (EI)) has been used
in judging the applicability of the element where G is shear modulus, A is area of cross
section, L is the length of the member and EI is flexural rigidity. Forces are applied at the
nodes. If the centroidal axis is not collinear with the element X-axis applied axial force
will cause bending. Applied shear force will cause torsional strains and moment if the
centroid and shear center of the cross section are different. The nodes should therefore be
located at the desired points where the force has to be applied. The model has been built
to be symmetric about the Y-axis.

Figure 22. Orientation of elements and nodes for I-Beam model using element
BEAM188
Figure 22 shows the BEAM188 elements and the orientation of nodes for the
beam element. In this application the nodes have been generated on the X-axis and an
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axial force is applied in the Y-direction to cause bending. The axial force cannot be
applied off centric due to the absence of nodes generated by beam elements. Hence
eccentricity cannot be captured by beam elements.
The batch file was created for the I-Beam model to run in iSIGHT-FD using the
ANSYS SIMCODE component. The ANSYS command files for the beam and the shell
element models are included in Appendix B. This batch file has been parameterized. The
design parameters are the length, which is usually constant for a particular optimization
problem, height, width and the thickness of the beam. The ANSYS SIMCODE
component in iSIGHT-FD runs in batch mode by accessing the input file for beam model
and writes the output to the results file specified within the input file. The input file has
been parameterized in terms of the design parameters of the I-beam beam element model.
7.3 Development of the analysis shell element model for I-Beam
The shell element model was developed in ANSYS using SHELL181 elements.
This element is suitable for analyzing thin to moderately-thick shell structures. It is a 4node element with six degrees of freedom at each node. SHELL181 is well suited for
linear, large rotation and large strain non linear applications. The section has been created
using the symmetric property about the Y-plane and meshed with SHELL181 elements.
The element formulations are based on logarithmic strain and true stress measures. The
thickness of the shell is defined using the real constant and can be defined for each of its
nodes. For this test bed application the thickness is taken as constant for all the four
nodes that define the shell element. The cantilever beam and beam cross section to be
modeled with shells are typical examples of bending. This element works best with the
full Newton-Raphson solution scheme used in ANSYS.
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Figure 23. Orientation of elements and nodes for I-Beam model using element
SHELL181
Figure 23 shows SHELL181 elements and the orientation of nodes for the shell
element. Using SHELL181, nodes are generated both on X, Y and Z axes. Hence, unlike
beam element, shell element can account for eccentricity of the load on the width of the
beam. An element size of (0.2*width of the beam) has been used to mesh the model with
shell elements. The dimension of the width of the beam is in inches. As the nodes are
generated on the width of the beam, shell elements captures the effect of off centric load
from the center of the width of the beam. The eccentricity of the load depends on the
width of the beam. Beams with greater widths have more eccentricity from the center of
the beam, i.e. as the beams get wider, the off centric loads can get further away. The
element size for meshing has been selected in a way so that the eccentricity values as a
fraction of the beam’s half width that can be used are 0, 0.2, 0.4, 0.6, 0.8 and 1. When
applying force on a shell element model, the force has to be applied on the node
corresponding to the user specified eccentricity. Since it is tough to apply force by
generating elements with varying element size based on the eccentricity, an element size
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of (0.2*width of the beam), in inches, has been selected by taking significant effects of
different eccentricity values. The off centric loads result in torsion effects on the beam.
7.4 Tradeoff between the beam element model and the shell element model
The developed analysis input files for the beam and the shell element models have
been used to run tests for deciding the tradeoff criteria between the beam and shell
element models. The regular beam elements cannot capture the torsion effect on the beam
due to the eccentricity of the load. Shell elements can capture the effects of torsion. Shell
elements are computationally expensive
The two models have been run with different length/height and length/width
ratios. The length/width ratio remains constant for different values of length/height ratios
and vice versa. Point load is applied on the width of the beam. The eccentricity ratio ER
is defined as the percentage of offset of the point load from the center of the beam with
respect to half of beam’s width:

⎛ e ⎞
ER = 100 ⎜
⎟
⎝ w/2⎠

(7.1)

where e is the offset distance from the center of the beam of the load and w is the width
of the beam.
Since eccentricity of the applied load can be captured only by the shell elements,
eccentricity ratio values of 20%, 40% and 100% have been used to run the sample
analyses tests to determine the tradeoff between the models. The models have also been
analyzed for intermediate eccentricities. But, it has been found that intermediate
eccentricity ratios (for example 30%, 50% etc.) show changes in the results of the
analyses which do not make much difference in the decision making process of shifting
between the models for a design optimization problem. Hence intermediate eccentricity
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values have been ignored. This facilitates running fewer numbers of analysis tests and
also automatic application of the force on the nodes present on the width of the beam
based on the eccentricity values. Hence an element size of (0.2*width of the beam), in
inches, has been decided upon. Value of deflection has been used as criteria to
differentiate between the beam and the shell element models, as the performance of the
beam is being analyzed in terms of the deflection based on the eccentricity of loading.
Using stress as differentiation criterion also had similar results. Since shell element can
capture the eccentricity effects of the beam, the shell element model is highly accurate,
though it needs more computational time. Percent error (PE) has been calculated as the
percent difference in the value of the deflection of the beam element relative to the
deflection of the shell element.
⎛δ
− δ beam ⎞
PE = 100 ⎜ shell
⎟
δ shell
⎝
⎠

(7.2)

Table 3 lists the results of running analysis models for varying length/width ratios
for a constant length/height ratios.
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Table 2. Results for von Mises stress and deflection for varying length/width ratios
for a constant length/height ratio of 25 and thickness of 0.5

Model
(Eccentricity
Ratio %)
Beam
Shell (20)
40
100
Beam
Shell (20)
40
100
Beam
Shell (20)
40
100
Beam
Shell (40)
100
Beam
Shell (40)
100
Beam
Shell (40)
100
Beam
Shell (40)
100
Beam
40
100
Beam
Shell (40)
100

l/w
ratio
5
5
5
5
7
7
7
7
10
10
10
10
12
12
12
15
15
15
20
20
20
25
25
25
35
35
35
45
45
45

Beam
55
Shell (40%) 55
Shell (100%) 55

von Mises
Deflection*103 Percentage
(psi)
(inch)
Error
stress*103
3.16912
5.56e-4
5.8626
7.19e-4
22.67
10.883
9.18e-4
35
18.523
1.6e-3
65
4.4
7.6e-4
7.93
8.9e-4
14.6
11.03
1.04e-3
27
18.5
1.56e-3
51.2
6.2266
1.06e-3
7.466
1.1e-3
3.6
10.96
1.26e-3
15
18.3344
1.64e-3
36
7.422
1.26e-3
10.8219
1.42e-3
11.26
18.188
1.74e-3
28
9.187
1.55e-3
11.417
1.66e-3
6.5
17.963
1.92e-3
21
12.02
2.03e-3
14.616
2.06e-3
18
17.64
2.20e-3
8
14.786
2.5e-3
17.766
2.47e-3
2
19.616
2.61e-3
5
20.07
3.38e-3
23.915
3.22e-3
4.7
25.75
3.32e-3
1.77
24.967
4.2e-3
29.696
3.92e-3
6
31.52
3.99e-3
7
29.8119
35.454
37.268
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5e-3
4.592e-3
4.64e-3

8
7.2

Table 3. Results for von Mises stress and deflection for varying length/height ratios
for a constant length/width ratio of 25 and thickness of 0.5

Model (ER)
Beam
20%
Shell (40%)
Shell (100%)
Beam
Shell (20%)
Shell (40%)
Shell (100%)
Beam
Shell (20%)
Shell (40%)
Shell (100%)
Beam
Shell (20%)
Shell (40%)
Shell (100%)
Beam
Shell (40%)
Shell (100%)
Beam
Shell (40%)
Shell (100%)
Beam
Shell (40%)
Shell (100%)
Beam
Shell (40%)
Shell (100%)
Beam
Shell (40%)
Shell (100%)
Beam
Shell (40%)
Shell (100%)

l/h
ratio
5
5
5
5
7
7
7
7
10
10
10
10
12
12
12
12
15
15
15
20
20
20
25
25
25
35
35
35
45
45
45
55
55
55

Von mises Deflection*103
stress(psi)
(inch)
*103
1.49366
5.28e-5
9.5704
1.45e-4
17.3809
3.24e-4
8.3018
9.08e-5
2.47
1.19e-4
9.587
1.99e-4
17.386
3.71e-4
18.328
1.5e-4
4.121
2.81e-4
8.215
3.44e-4
9.609
4.98e-4
17.392
4.03e-4
5.326
4.35e-4
8.236
4.5e-4
9.622
4.91e-4
17.392
6.34e-4
7.268
7.39e-4
9.7257
7.83e-4
17.399
9.2e-4
10.8149
1.46e-3
13.576
1.48e-3
17.4
1.62e-3
19.18
3.22e-3
22.37
3.15e-3
24.094
3.17e-3
24.1553
5.7e-3
27.34
5.5e-3
28.965
5.7e-3
35.427
1.07e-2
38.496
1.03e-2
39.79
1.06e-2
29.8119
1.81e-2
35.454
1.75e-2
37.268
1.77e-2
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PE
63.6
83.7
41
40.2
68
20.7
7.8
18.31
43.57
3
11.4
31.4
2.17
1.6
1.35
9
2.17
1.6
11
15
8
11
4.12
3.56

Table 2 and Table 3 it can be observed that as the error in the values of the
deflection for the beam and the shell element models increase, the accuracy decreases.
Hence a highly accurate model demands using the shell element model if the difference
between the values of deflection of beam and shell element models is greater than 20%
for a given eccentricity, length/height and length/width ratios. Similarly, for the same
eccentricity and ratios of length, height and width, a medium accurate model can use
beam or shell element model depending on the difference in the values of deflections of
the beam and the shell element model.
Sample analyses runs for varying length/height ratios for constant length/width
ratio have also been done. For length/width ratio values of 25 and 35, the variation of
accuracy with increasing length/height ratios is shown below in Figure 24.
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Figure 24. Results for accuracy percentage of beam element model vs.
(length/height) ratio for constant length/width ratios of 25 and 35 for the I-beam
model shown

From the results obtained and the graph plotted in Figure 24, it can be seen that as
the length/width ratios keep increasing, the accuracy of the beam element model
increases for varying length/height ratios. Hence shell element models are more accurate
for lower length/height ratios when length/width ratio is a constant.
Similarly, sample analyses runs for varying length/width ratios for constant
length/height ratio have also been done. For length/height ratio values of 20 and 25, the
variation of accuracy with increasing length/width ratios is shown in Figure 25.
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Figure 25. Results for accuracy percentage of beam element model vs.
(length/width) ratio for constant length/height ratios of 20 and 30

From the results obtained and the graph plotted in Figure 25, it can be seen that as
the length/height ratios keep increasing, the accuracy of the beam element model
increases for varying length/width ratios. Hence shell element models are more accurate
for lower length/width ratios when length/height ratio is a constant.
From Figure 24 and Figure 25, it can be generalized that shell element models are
more accurate for lower length/height or length/width ratios. Beam elements models are
accurate for greater length/height and length/width ratios. Also, the model to be selected
depends on the required accuracy. As it is obvious, both the models have the same
volume for a set of design parameters. The shell element model is highly accurate and
takes care of eccentricity of the load in terms of the torsion effect on the beam. The beam
elements model is as accurate as the shell element model where there is no eccentricity of
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the load. Hence for zero eccentricity, beam and shell model produce the same results, but
for loads with eccentricities, the shell element model generates the most accurate results
taking both torsion and bending effects into consideration.
A trade off for switching between analysis models has been developed both in
terms of accuracy required and the eccentricity of the load. Accuracy expectation can be
justified by selecting the right model, beam element model or shell element model, for a
given eccentricity of the load. Three levels of accuracy have been considered. A “low”
accuracy model is defined as the model that can be used when the difference in the
deflections of the beam and the shell elements models is in between 50%-100% for a
given eccentricity of the load. A “medium” accurate model has differences ranging from
20% to 50%. A “high” accuracy model is defined as the model that can be used when the
difference in the deflections of the beam and the shell elements models is in the 1%-20%
range for a given eccentricity of the load.
Table 4 and Table 5 list the selection of the right model, beam element model or
shell element model based on the difference in the values of deflections of the models for
given eccentricity and length, height, width ratios.
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Table 4. Required model based on accuracy expectation and eccentricity of the load
for varying l/h ratios, l/w=25 and thickness=0.5

Shell element
model
Eccentricity
(%)

l/h Percent
ratio Error

Accuracy Expectation

20 5
40
100

63.6
83.7
41

Low
Medium High
<=50%
50-80% >80%
Required Model
Beam
Shell
Shell
Beam
Shell
Shell
Beam
Shell
Shell

20 7
40
100

40.2
68
20.7

Beam
Beam
Beam

Shell
Shell
Shell

Shell
Shell
Shell

20 10
40
100

7.8
18.31
43.57

Beam
Beam
Beam

Beam
Beam
Beam

Beam
Beam
Shell

20 12
40
100

3
11.4
31.4

Beam
Beam
Beam

Beam
Beam
Beam

Beam
Beam
Shell

40 15
100 15

6.5
21

Beam
Beam

Beam
Beam

Beam
Beam

40 20
100 20

1.35
9

Beam
Beam

Beam
Beam

Beam
Beam

40 25
100 25

2.17
1.6

Beam
Beam

Beam
Beam

Beam
Beam

40 35
100 35

11
15

Beam
Beam

Beam
Beam

Beam
Beam

40 45
100 45

8
11

Beam
Beam

Beam
Beam

Beam
Beam

40 55
100 55

4.12
3.56

Beam
Beam

Beam
Beam

Beam
Beam
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From Table 4 with varying length/height ratios and for constant length/width =
25, it can be observed that as the length/height ratio increases the beam element model
becomes as accurate as the shell element model. Depending on the accuracy requirement,
the beam or shell element model can be used depending on the ratios of length, width,
height and also the eccentricity of the beam. For length/height ratio greater than 15 the
beam element model can be used for any accuracy or eccentricity of the load.
From Table 5 with varying length/width ratios and for constant length/height ratio
= 25, it can be observed that as the length/width ratio increases the beam element model
becomes as accurate as the shell element model. Depending on the accuracy requirement,
the beam or shell element model can be used depending on the ratios of length, width,
height and also the eccentricity of the beam. For length/width ratio greater than 20 the
beam element model can be used for any accuracy or eccentricity of the load.
For developing an intelligent decision making tool which switches between the
beam and the shell element models, the logic has been taken depending on the
eccentricity of the load and the accuracy of the model. For length/height ratios greater
than 15 for a constant length/width ratio, the beam element is as accurate as the shell
element model for any eccentricity. For length/width ratios greater than 20, for constant
length/height ratio, the beam element model is accurate as the shell element model for
any eccentricity. For intermediate accuracy, eccentricity and length, width, height ratios,
the tools shifts between the beam and the shell element models as listed in Table 4 and
Table 5.
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Table 5. Required model based on the accuracy expectation and eccentricity of the
load for varying l/w ratios, l/h=25 and thickness=0.5

Shell element
model
Eccentricity
(%)

Accuracy Expectation

l/w Percent
Accuracy Medium
ratio Error
50-80%
Low
<=50%
Selected Model
20 5
22.67
Beam
Beam
40
35
Beam
Beam
100
65
Beam
Shell

High
>80%
Shell
Shell
Shell

20 7
40
100

14.6
27
51.2

Beam
Beam
Beam

Beam
Beam
Shell

Beam
Shell
Shell

20 10
40
100

3.6
15
36

Beam
Beam
Beam

Beam
Beam
Beam

Beam
Beam
Shell

40 12
100

11.26
28

Beam
Beam

Beam
Beam

Beam
Beam

40 15
100

6.5
21

Beam
Beam

Beam
Shell

Beam
Shell

40 20
100

18
8

Beam
Beam

Beam
Beam

Beam
Beam

40 25
100

2
5

Beam
Beam

Beam
Beam

Beam
Beam

20 35
40
100

4.7
1.77

Beam
Beam

Beam
Beam

Beam
Beam

6

Beam
Beam

Beam
Beam

Beam
Beam

40 45
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7.5 Theoretical calculation of bending and twisting deflections of I-beam

The decision to shift between the beam and the shell element models for the Ibeam optimization is listed in Table 4 and Table 5. These results have been obtained by
running analysis models for beam and shell element models to obtain the deflection and
maximum von Mises stress. Theoretically the logic to shift between the models has also
been obtained by calculating the total deflection, sum of bending and twisting deflections.
For a given nonzero eccentricity, the accuracy of the beam element model in
terms of deflection versus the shell element model in terms of deflection should be
analytically computable. For example, for an end loaded cantilever beam of length L,
height h, width b, web and flange thickness t, and elastic modulus E, its deflection due to
an end load of F neglecting eccentricity is

δb =

FL3
3EI x

(7.3)

where the moment of inertia I x of the beam’s cross section about horizontal x-axis is

Ix =

bh3 − (b − t )(h − t )3
12

(7.4)

F is 1000 lb and length L = 100 in. for our analyses. The deflection due to torsion only
when the load is eccentrically applied can be calculated using the torsional stiffness of an
I-shaped beam with width W and height H. This calculation neglects any deflection due
to bending of the upper flange. The vertical deflection at the width edge of the beam
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section due to pure twisting of the beam due to an applied torque T = Fe, where e is the
eccentricity of the load, is

δ e = 2r sin (θ / 2 )

(7.5)

where

r=

1
w2 + h 2
2

(7.6)

TL
GJ

(7.7)

and θ is the angle of twist given by

θ=

J is the polar moment of inertia of the section. It is given by

J = Ix + I y

(7.8)

where for this I-Beam with the y-axis in the vertical direction

Iy =

(

1
2tb3 + h − 2t )t 3
12

(

))

(7.9)

G is the shear modulus which for isotropic material is given by
G=

E
2 (1 + ν )

(7.10)

Note that this calculation neglects any deflection due to bending of the upper flange
where the load is applied about the beam’s longitudinal axis. From Figure 26 the total
vertical deflection is the direct sum of the bending and torsional deflections.
δtotal = √(δb2 + δe2 - 2*δb* δe*cos(180-θ))

(7.11)
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Figure 26. Cross section of I-beam, deflections due to bending and eccentricity

Table 6 lists the results obtained for bending deflection and the total deflection using
(eqn7.1), (eqn7.3) and (eqn7.5) and for an eccentricity value of 1.
Table 6. Results obtained for bending and total deflections using theoretical
calculations

As observed from Table 6 above the logic for shifting between the beam and the
shell element models is almost the same as obtained from ANSYS results. The difference
between the values of total deflection and the bending deflection is used to decide the
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model to be used based on the required accuracy. An eccentricity ratio of 100% is used to
calculate the bending deflection.
Results for other eccentricity ratio values of 20% and 40% have not been
tabulated. These values produced minor changes in the results due to the second term in
Eqn. (7.11) which is sine of a constant multiplied by the eccentricity. Hence this equation
has not been used to verify the deflection values due to eccentricities of 20% and 40%.
Whereas the theoretical results obtained using equations 1, 3 and 6 proved to be effective
for deciding the logic to shift between the beam and the shell element models for an
eccentricity value of 1. These values are in accordance to the results obtained by analysis
of I-beam using ANSYS. Hence the theoretical values obtained offer a justification to the
values obtained using the analysis tool and the logic to shift between the beam and the
shell element models.
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CHAPTER 8

FORMULATION OF I-BEAM OPTIMIZATION PROBLEM IN ISIGHT-FD

8.1 Developing EAM ontology instance for the I-Beam beam and shell element
models

Ontological instances for I-Beam beam and shell element analysis models have
been developed. The ontology instance contains knowledge about the objectives, input/
output parameters, accuracy expectation, limitations and idealizations of the analysis
models. The input parameters of the I-beam beam element model are thickness, length,
width and height. The input parameters for I-beam shell element model are the same as
the beam element model with an added eccentricity of the load being applied. The
limitations of the beam element model are no eccentricity, uniform area of cross section,
constant force and no torsional effects.
For shell element model, the limitations are uniform area of cross section,
constant force, eccentricity of the load, mesh size of 0.2 and torsional effects included.
Figure 27 shows the I-beam instances for the beam element model and the shell element
model. The knowledge about input parameters from the instance has been passed as
parameters to the product development environment to be used to run automated analysis
and optimization processes.
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Figure 27. Instance for beam and shell element analysis models of I-beam

8.2 Configuring analysis and optimization components in iSIGHT-FD for I-Beam

8.2.1 Setting up the analysis component in iSIGHT-FD

The SIMCODE wrapped “ANSYS” component has been used as the analysis tool
within the product development environment. This component runs an ANSYS finite
element analysis for the beam and shell element analysis models of an I-beam. This
component takes the input file, runs ANSYS in batch mode and prints the output to an
external file. The input file has been parameterized so that the design parameters length,
height, width and thickness can be used as parameters in a product development
environment, shareable with other components in the optimization workflow. The input
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file when run in the batch mode of ANSYS, prints the output to the output file specified.
The printing of the output has been configured such that only the von Mises stress,
deflection and the volume of the model gets printed to the output file. This has been done
by directing the output either to the terminal or the output file depending on what values
are required as output parameters. In the optimization of I-Beam problem, the output
parameters are von Mises stress, deflection and the volume of the beam. For the shell
element model, the eccentricity of the beam has also been considered as an input
parameter. As beam element model cannot capture the effect of eccentricity of load on
the I-beam, it is not taken as an input parameter for the beam element model.
The input/output parameters in a SIMCODE component can either be read/written
to the files using the data exchanger component of SIMCODE. The data exchanger
component allows moving data between iSIGHT-FD parameters and text files easily and
efficiently. The value of the parameter can be written into the file, or data in the file can
be read and used to set the value of the parameter. It is most frequently used to prepare
input files for external programs and to extract data from program output files. The
reading or writing of a parameter is done by clicking or swiping in the data source area or
by entering the details in the swipe details area. For the input files of the shell and the
beam components, the input parameters are created by sweeping the area of the input text
file which has the values of length, height, width and thickness of the I-beam. For the
shell element model the eccentricity of the load being applied is also an input parameter.
The output parameters are von Mises stress, deflection and volume which have been
created by sweeping the area of the output text file.
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Figure 28 demonstrates the setting up of the SIMCODE and the data exchanger
component for the I-beam beam and shell element models.

Figure 28. Editor of SIMCODE component

Figure 29. Output file and mapping output parameters
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Figure 30. Parameters for the SIMCODE component

As seen from Figure 28, Figure 29 and Figure 30, the length, height, width and
thickness of the beam have been set up as the input parameters. The von Mises stress,
thickness and volume have been setup as the output parameters. The input file beam.txt is
read as the input for the batch mode run of ANSYS and the output has been directed to
Beamoutput.txt file. Similarly, the shell model input file has been setup with the same
read/write parameters as the beam parameters. The eccentricity of the load has been taken
as an input parameter for the shell model.
8.2.2 Setting up the optimization component in iSIGHT-FD

The optimization component in FiPER has been setup with ANSYS SIMCODE
component running the analysis such that for each design state of the optimization, the
ANSYS SIMCODE component runs the analysis and prints the output to the output file
which will be redirected to the optimization run. As mentioned in section 6.2, the
optimization component has to be setup with the design variables, constraints and
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objective function. For the I-beam optimization problem, as assumed before, the length of
the beam is taken to be constant for a particular optimization problem with varying
height, width and thickness which define the area of cross section of the beam. Hence
design variables for the I-beam optimization problem are height, width and thickness.
Von Mises stress and deflection of the beam are taken as constraints. The upper bound on
von Mises stress is 7250lb/in2 which has been obtained as the value of yield strength/
factor of safety. i.e., maximum von Mises stress = Yield strength/ factor of safety. For
aluminum, the yield strength =1.0E07Pa = 14500psi. The factor of safety has been taken
as 2. Hence, maximum von Mises stress= 14500/2 = 7250psi.
The upper bound on deflection has been taken as 1/100th of the length of the
beam. Hence the maximum allowable deflection is taken to be 1/100th of the length of
the beam. The objective of the optimization problem is to minimize the volume of the Ibeam subjected to constraints by optimizing the design variables. The load being applied
on the I-beam is 1000lb which produces deflection and stresses comparable to maximum
von Mises stress and maximum allowable deflection. Depending on the problem taken,
the maximum allowable von Mises stress has been taken so that the optimization problem
does not converge to the minimum values of design variable for minimizing the volume,
if the stress constraint is not violated.
If the stress and deflection do not have necessary stress and deflection upper
bounds, the optimization problem just runs to minimize the volume by taking the lower
limits of the design variables. Hence, maximum allowable stress for each problem has
been taken based on the bounds of the design variables.
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The method that has been used to run the optimization problem is the HookeJeeves direct search technique. It is a direct search method well suited for linear and
continuous design spaces. This is not a gradient based method. This technique begins
with a starting guess and searches for a local minimum. This is often used when feasible
design has not yet been determined. It uses combined penalty and objective value for
optimization. This technique uses a combination of objective and constraints penalty as
the objective function f(x). The algorithm examines points near the current point by
perturbing design variables, one axis at a time, until an improved point is found. It then
follows the favorable direction until no more design improvement is possible.

Figure 31. Editor of the optimization component
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Figure 32. Design variables for the optimization component

Figure 33.Constraints for the optimization component
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Figure 34. Objective for the optimization component

As shown in the Figure 31, Figure 32, Figure 33 and Figure 34, the optimization
component considers all the input parameters as design parameters. It takes all the output
parameters as constraints or objectives. Hence height, width and thickness are included as
input parameters and considered as design parameters for optimization. The output
parameters stress, deflection and volume have been taken as constraints and objective for
the optimization problem. The input of the optimization component changes for a given
design state. The output of the optimization problem, von Mises stress, deflection and
volume have been obtained from the output parameters of the ANSYS SIMCODE
component after the analysis run. These results will be used by the optimization
component to determine the design variables for the next optimization design state.
8.2.3 Setting up the intelligent decision making tool in iSIGHT-FD

The Script component of iSIGHT-FD has been used to develop the intelligent
decision making tool, “Intelligent EAM selector”, “INTEAM”. The input parameters for
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the tool are length, height, width, thickness, accuracy and eccentricity of the load. The
output of the tool is the decision about the beam element or shell element model to be
used for the design optimization state. The workflow has been setup in a way that the
decision from the script component makes the workflow run the ANSYS SIMCODE
component of the beam element model or shell element model based on the design
optimization state. A JAVA code has been written in the script component. This code
contains the logic to shift between the beam and the shell element models. As explained
in section 7.3 the tradeoff between beam and shell element models has been logically
coded in the script component.

Figure 35. Script component editor
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Figure 36. Parameters for the “Intelligent EAM selector”component-Configuring
the “Intelligent EAM selector” component for optimization of I-beam in iSIGHTFD

As shown in the Figure 35 and Figure 36 above, the “Intelligent EAM selector”
component has a decision variable “dec”, which determines the direction of the
workflow. For the logic stated in section 7.3 for shifting between the beam and the shell
element models, the “Intelligent EAM selector” component assigns values for the
decision variable to trigger the ANSYS SIMCODE component of either the beam or the
shell element model. The ANSYS SIMCODE component then runs the analysis for the
beam or the shell element model and the output parameters from the ANSYS SIMCODE
component will be passed to the optimization component for getting new values of design
variables based on the results from the previous design state.
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8.2.4. Setting up conditional workflows in iSIGHT-FD

Conditional workflows allow controlling a section of the workflow. An execute
condition can be setup which allows parameter information to determine if the execution
should continue or stop. The workflow can be setup to always execute, never execute and
conditionally execute. Conditional execution can be controlled by selecting a parameter
which decides the workflow.

Figure 37. Setting up conditional workflow in iSIGHT-FD

Figure 37 shows the setup of conditional work flow using the value of a
parameter. When the logic is satisfied the workflow follows the appropriate direction.
Hence, the workflows can be customized by creating conditional workflows.
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8.3 Complete integration of the tools

The optimization component for the I-beam has been setup such that for each
design state, the intelligent decision making tool selects the right analysis model based on
certain criteria and decides whether the beam or shell element model has to be executed.

Figure 38. Set up of the optimization process

Figure 39. Mapping of parameters-Setup of the optimization component using the
ANSYS SIMCODE component and intelligent decision making tool
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Figure 38 and Figure 39 show the optimization component setup in iSIGHT-FD.
Based on the decision taken by the “Intelligent EAM selector” component, the workflow
continues either in the direction of the ANSYS SIMCODE shell element model or the
beam element model. The results from one of the models that have been selected will be
written back to the optimization component. The mapping of parameters in Figure 39
show that each time an optimization method decides the parameters for a design state, the
values are passed to the intelligent tool, the “Intelligent EAM selector”, “IntEAM”
component, to select the right analysis model for the given design state based on certain
criteria. The intelligent decision making tool then passes the decision variable which
decides the direction of the workflow. The workflow has been setup in a way that a value
of 1 for the decision variable makes the workflow follow the direction of analyzing a
beam element model and a value of 2 for the decision variable makes the workflow
follow the direction of analyzing a shell element model. An arbitrary value for the
decision variable is taken initially, for example, a value of 5 has been taken and the
intelligent decision making tool changes this value to 1 or 2 according to its decision
about the right analysis model to be used for a given design state of the optimization
process.
Details of complete optimization workflow setup are in Section 8.6.

8.4 Passing required analysis modeling knowledge for interoperating between
analysis and optimization tools

The I-beam problem has been instantiated in ONTEAM. The instance knowledge
contains idealizations, limitations, inputs, outputs, accuracy expectation, justification

83

knowledge etc. about the I-beam. Ontological knowledge is required to drive analysis and
optimization tools in a product development environment. This supports reusability and
interoperability of the knowledge. Also, automated tools can be developed with the
ontological knowledge driving analysis and optimization tools. The INSPECT-IT method
as explained in section 4 has been used to grab the input/output parameters from the
knowledge base and make them as iSIGHT-FD parameters, i.e., making them “fiperized”.
These input/output parameters are stored in the EAM knowledge base in the form of an
instance. Protégé, a knowledge base editor, can be used to open and share the knowledge
with other components. Since Protégé is an open source tool, it can be used to develop
methods which operate on the knowledge present in the ontology. For formulating and
executing an optimization problem in a product development environment, the
input/output parameters from the knowledge base can be used to run the
optimization/analysis tools.
For the I-beam example, the length, height, width, thickness, accuracy expectation
and the eccentricity of the load are the input parameters for the optimization problem.
The length, height, width, thickness and eccentricity of the load are present as values of
input parameters for the I-Beam instance in the EAM ontology. Accuracy expectation is a
property of the I-Beam model which represents the overall expected accuracy of the
model. These parameters can be made iSIGHT-FD parameters by writing a method
which can grab required information from the ontology and make the input/output
parameters as iSIGHT-FD parameters. Figure 40, Figure 41, Figure 42 and Figure 43
shows the passing of ontological modeling knowledge to iSIGHT-FD, using the
“INSPECT-IT” method.
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Figure 40. Integration of components

Figure 41. Accessing the I-beam modeling instance- Passing ontological modeling
knowledge as parameters in a product development environment
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Figure 42. Selecting parameters

Figure 43. Input and output parameters from the knowledge base
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These parameters are passed on to the optimization component and are used to
run the optimization process using the ANSYS SIMCODE and decision making tool
components.
8.5. Integrating I-beam modeling knowledge to a CAD-integrated environment,
ENCAPTA

EnCapta provides engineers with the capability for building specialized, CADintegrated design environments that enrich the CAD model as a source of information.
The advantage with such integrated systems is that changes in engineering models,
material specifications etc. that are stored separately can be captured and managed as
objects and linked to the relevant geometry in the CAD models. The XML tools
associated with such integrated systems extract design information from the CAD models
and report to other systems or databases throughout the enterprise. Hence distributed and
collaborative data sharing of CAD models with less effort for updating the changed
design revisions can be achieved using CAD integrated systems. The I-beam instance
knowledge can be passed to the CAD integrated environment, EnCapta and the design
parameters can be linked directly to the CAD model parameters.
Methods have been developed to import EAM ontology into Vistagy’s EnCapta
framework. Using XSLT, OWL ontology has been translated to the native EnCapta
application language.
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Figure 44. Version of EAM ontology within the EnCapta framework

Figure 44 shows the version of the EAM ontology within the EnCapta framework.
This method allows the complete EAM ontology to be accessed and navigated within an
integrated framework when developing various CAD or Analysis models.
To demonstrate the capabilities and advantages of the EAM ontology within
EnCapta, an I-Beam CAD model has been developed within PTC’s [PTC, 2005]
Pro/ENGINEER.

Pro/ENGINEER is one of the multiple CAD development tools

EnCapta is able to communicate with. Figure 45 shows the creation of a geometric model
while modeling an I-Beam.
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Figure 45. Creation of a geometrical model for I-beam

One of the unique capabilities provided by EnCapta is the ability to link actual
CAD geometry with instantiated knowledge.

Figure 46. Adding geometry links from CAD model to EAM ontology

This ability enables a user to link EAM ontology parameters to geometry
parameters within a CAD model. Figure 45 and Figure 46 show how geometry links have
been added to the EAM ontology, and the knowledge captured by these links represent
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the I-Beam parameters width, length, height, and thickness. Once the instantiation of
knowledge within EnCapta has been completed, EnCapta provides the ability to store this
knowledge within the actual CAD model.

Figure 47. Encapta knowledge represented in Protégé OWL

EnCapta also allows this knowledge to be exported as an XML file using the
native EnCapta language. Using this advantage, methods have been developed for taking
the knowledge and converting it from native EnCapta to the OWL format. This then
allows the ability to import any knowledge captured using the EnCapta tool back into an
OWL knowledge base. Figure 47 shows the EnCapta knowledge as represented in
Protégé OWL. Once the knowledge has been converted to the OWL format, it then
becomes accessible to the OWL-enabled iSIGHT-FD methods.
8.6. Overall setup of the optimization process

A flow chart which describes the over all setup of the optimization process is shown in
Figure 48.

90

Figure 48. Flowchart for optimization process of I-beam using optimization
component, ANSYS SIMCODE component and intelligent decision making tool
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The design parameters that the optimization technique updates for each run also
get updated for the SIMCODE components. The design parameters from the Pro/E CAD
model are read into the optimization component, the updates design parameters are then
passed to the input files which run ANSYS in batch mode and write the corresponding
output to the output file which update the values of outputs in the optimization
component. Hence the mapping of parameters shown in Figure 48 takes the values of
input parameters from the optimization component, passes to the intelligent decision
making tool which decides the direction of workflow and pass the parameters to the
appropriate beam or shell element SIMCODE component. These ANSYS SIMCODE
components in turn return the results to the output file which gets read as output
parameters from the SIMCODE component to the optimization component.
Hence different design states of optimization process are formed by the input
parameter values updated by the technique used in the optimization process and the
corresponding output values taken from the results of the ANSYS SIMCODE
component. The selection of analysis model that has to be run, the beam or the shell
element model, is taken by the “Intelligent EAM selector” component based on the
criteria and the design state input.
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CHAPTER 9

RESULTS

The optimization process for the I-beam problem has been setup to run for
different values of length, height, width, thickness, accuracy expectation and eccentricity.
As explained in the section 7.1, the design variables of the optimization problem are
height, width and thickness. The length of the beam is kept constant for a given
optimization problem. The constraints are the maximum von Mises stress and the
deflection of the I-beam. The objective of the optimization process is to minimize the
volume of the beam. Six sample problems have been run using the optimization process
and the results have been formulated. A low accuracy model has an accuracy expectation
of less than 50%. A medium accuracy model has an accuracy expectation of 50%-80%
and a high accuracy model has an accuracy expectation of more than 80%. One problem
with low accuracy, one with high accuracy and four problems with medium accuracy
have been run to demonstrate the power of automated optimization process. The results
have been validated using a highly accurate shell model. The Hooke-Jeeves optimization
technique has been used to run the optimization problem. The maximum number of
allowable optimization iterations has been taken as 101.
Sample Problem 1:

Objective:
Minimize V=lt(2(w-t) +h))
Subject to:
(σV) max≤ 6000psi
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δ max ≤ 0.5inch
20 ≤ l/h ≤ 6.66
200 ≤ l/t ≤ 100
20 ≤ l/w ≤ 6.66
With l=100in, Accuracy expectation= 0.7 and eccentricity ratio=0.4
Results:
The model ran for 96 different optimization design states. The

optimized

value

of

minimum volume is 1592 in3. Values of design variables at the optimum solution are
height =10in, thickness =0.547in and width = 10in. The optimization process ran for 64
design states using the beam element model and 32 times using the shell element model.
Table 7 shows the history of the design parameters during the optimization run.
Dimensions of the I-beam and deflection are in inches, Stress in lb/in2 and Volume in in3.
As seen, when the height of the model during second design state is equal 15in, then the
model shifts to shell element model as the length/height ratio is less than 10 which means
that, from Table 4, the shell element model is more accurate for an accuracy expectation
of 0.7 and eccentricity of 0.4. For 2nd, 6th, 9th and 12th design states the length/height or
the length/width ratios are lesser than 10 and hence the shell model is accurate for an
eccentricity of 0.4 and an accuracy expectation of 0.7. Else, for length/height and
length/width ratios greater than 10, the beam model is as accurate as the model for the
given accuracy expectation and hence can be used according to Table 4 and Table 5.
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Table 7.Optimization results for example problem 1.
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Figure 49. Optimization process for I-beam switching between the shell and the
beam element models based on the intelligent tool decision

Figure 49 shows the switching of the analysis models for a given optimization state. The
beam element analysis model analyzed for 64 times and the shell element analysis model
analyzed for 32 times based on the design state of the optimization process. As explained
above the length/width and length/height ratios define the logic for switching between the
analysis models. Hence the optimization problem switches between the beam and the
shell element models based on the results tabulated in Table 4 and Table 5.
Sample Problem 2:

Objective:
Minimize V=lt(2(w-t) +h))
Subject to:
(σV) max ≤ 3624psi
δ max ≤ 0.5 inch
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12.5 ≤ l/h ≤ 8.33
200 ≤ l/t ≤ 142.85
12.5 ≤ l/w ≤ 8.33
with l=100in, Accuracy expectation= 0.7 and eccentricity ratio =0.6

Results:
The model ran for 76 different optimization design states. The beam element model ran
for 57 times and the shell element model ran for 19 times.
Minimum volume= 1709.9 in3
Design variables at the optimum solution:
Height=10, thickness =0.684 and width = 8.
As seen from Table 8, the decision to switch between models depends on length, height
and width ratios determined by the optimization technique for a given design state.
Dimensions of the I-beam and deflection are in inches, Stress in lb/in2 and volume in in3.
When the length/width and the length/height ratios are not greater than 10, the shell
element has been used for an accuracy of 0.7, in accordance to the results in Table 4 and
Table 5. The maximum allowable von Mises stress has been calculated based on the
limits of the design variables taken.
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Table 8.Optimization results for sample problem 2
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As explained above the length/width and length/height ratios define the logic for
switching between the analysis models. Hence the optimization problem switches
between the beam and the shell element models based on the results tabulated in Table 4
and Table 5.
Sample Problem 3.

Objective:
Minimize V=lt(2(w-t) +h))
Subject to:
(σV) max ≤ 3000 psi
δ max ≤ 0.5inch
11.11 ≤ l/h ≤ 6.66
200 ≤ l/t ≤ 100
3 ≤ l/w ≤ 8
with l=100in, Accuracy expectation= 0.6 and eccentricity ratio=0.2
Results:
The model ran for 53 different optimization design states. The beam element model ran
for 3 times and the shell element model ran for 50 times.
Minimum volume= 1237in3
Design variables at the optimum solution
Height=13.79, thickness =1 and width = 8
As seen from the Table 9 for a low eccentricity of the load, the beam element runs for
length/height ratio greater than 10 and length/width ratio greater than 5. Otherwise for an
increased eccentricity, the beam element is as accurate as the shell element only for
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length/width ratios greater than 10. Dimensions of the I-beam and deflection are in
inches, Stress in lb/in2 and Volume in in3.
Table 9.Optimization results for sample problem 3
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Sample Problem 4:

Objective:
Minimize V=lt(2(w-t) +h))
Subject to:
(σV) max ≤ 4000psi
δ max ≤ 0.5inch
5 ≤ height ≤ 15
0.5 ≤ thickness ≤ 1
2 ≤ width ≤ 10
with l=100in, Accuracy expectation= 0.9 and eccentricity ratio =0.4
Results:
The model ran for 87 different optimization design states. The shell element model ran
for 87 times.
Minimum volume= 1208.8 in3
Design variables at the optimum solution
Height=12.52in, thickness =1in and width = 9.617in
As seen from the values of the Table 10, for an accuracy expectation of 0.9, the beam
element models is as accurate as the shell element model only for length/height ratio of
15 and length/width ratio of 20. Dimensions of the I-beam and deflection are in inches,
Stress in lb/in2 and Volume in in3.
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Table 10.Optimization results for sample problem 4
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Sample Problem 5.

Objective:
Minimize V=lt(2(w-t) +h))
Subject to:
(σV) max ≤ 6000psi
δ max ≤ 0.5inch
20 ≤ l/h ≤ 6.66
200 ≤ l/t ≤ 100
50 ≤ l/w ≤ 10
With l=100in, Accuracy expectation= 0.2 and eccentricity ratio=0.4
Results:
The model ran for 54 different optimization design states.The beam element model ran
for 54 times.
Minimum volume= 701.18 in3
Design variables at the optimum solution
Height=5.49, thickness =0.5 and width = 4.28.
As seen from the values of Table 11, for an accuracy expectation of 0.2, the beam
element model will be used for all the cases. Dimensions of the I-beam and deflection are
in inches, Stress in lb/in2 and volume in in3.We notice that when compared to the shell
element model that ran for an accuracy expectation of 0.9, the beam element model
shows some difference in the optimization process. This difference is 6%. This is because
the shell element model is more accurate for an eccentricity of 0.4, though the beam
element model will be used for an accuracy of 0.2. But the shell element model is
computationally expensive. In terms of time constraint, the shell model took almost 40%
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more time than the beam element model. Hence the tradeoff of selecting the beam
element model for low accuracy expectation is well justified.
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Table 11. Optimization results for sample problem 5
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Sample Problem 6:

Objective:
Minimize V=lt(2(w-t) +h))
Subject to:
(σV) max ≤ 2998psi
δ max ≤ 0.5inch
12.5 ≤ l/h ≤ 8.33
200 ≤ l/t ≤ 142.85
12.5 ≤ l/w ≤ 8.33
with l=100in, Accuracy expectation= 0.7 and eccentricity ratio =1
Results:
The model ran for 66 different optimization design states. The beam element model ran
for 57 times and the shell element model ran for 9 times.
Minimum volume= 1189.16 in3
Design variables at the optimum solution:
Height=8.28, thickness =0.5 and width = 8
For an eccentricity of 1 and for the specified bounds on the length, width and
height, the shell beam model performs as accurate as the shell model for length/height
and length/width ratios greater than 10. As the length/width and length/height ratios
increase, the beam model gets more accurate as the shell element model. However the
error in the models always exists as shell element model is highly accurate in capturing
the eccentricity of the load.
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9.1. Summary of the results:

The sample six optimization runs demonstrate the capability of automated
analysis and optimization tools to reuse and interoperate modeling knowledge. The
bounds on the design variables, the accuracy expectation and the eccentricity of the load
have been taken for the models in such a way that the shifting of the intelligent tool
between shell and beam elements models has been clearly demonstrated. For example,
for sample problems 4 and 5 the difference in the optimization problem is just with the
accuracy expectation of the model. The optimization results show that for an accuracy
expectation of 0.2, the beam model has been used and for an accuracy expectation of 0.9,
both shell and beam models have been used based on the length, width and height ratios.
From the optimization results of the sample problems 4 and 5 the differences in the
minimum volume obtained in both the cases is 6%. This difference is in a well acceptable
range for the accuracy expectation of 0.2 and 0.9 as for an accuracy expectation of 0.9,
the beam element model ran for 83 times and the shell element model ran for 17 times.
The difference is associated with the running of shell element model for 17 times,
whereas for an accuracy expectation of 0.2, the process ran only with beam element
models. Table 12 lists the results of optimization process for all the sample problems.
Table 12. Optimization results for all the sample problems
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For sample problem 6, which has highest eccentricity value, the beam element
model ran for 32 times, as the length/width and length/height ratios exceeded 10 as beam
element models are as accurate as the shell element models. But for ratios less than 10,
shell element model can only be efficient in capturing the effects of eccentricity.
Four sample problems have been run with a “medium” accuracy expectation to
clearly show the shifting of the intelligent decision making tool between analysis models.
Sample problems 1, 2, 3 and 6 have been formulated in a way to analyze different models
with varying eccentricity and accuracy expectation. As seen from the optimization
results, as the eccentricity increases for decreasing length/ height and length/width ratios,
the shell element model runs more number of times. Both the ratios, length/ height and
length/width determine whether to run a beam or a shell element model. For a medium
accuracy model, if the length/height and length/width ratios are greater than 10, only then
the beam element model runs for the given design optimization state. Else, shell element
model works.
Shell element model is taken as the highly accurate model as it can capture the
eccentricity effects though it is computationally expensive. The results obtained for the
optimization processes using intelligent decision making tool have been validated by
running the optimization processes with the shell element model alone without any
shifting between the beam and shell element models. If the results obtained by running
the shell element model alone during the optimization process are comparable with the
results obtained by using the intelligent decision making tool, then the automated
optimization process which runs using an intelligent decision making tool shifting
between beam and shell analyses models is valid.
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CHAPTER 10

VALIDATION OF TEST BED APPLICATION RESULTS

An optimization process has been setup for the I-beam optimization using the
shell element analysis model. This is done to validate the results obtained by automated
optimization process using the intelligent decision making tool. Unlike the automated
optimization process, the shell element optimization process does not shift between the
analysis models during an optimization design state. It works only with the shell element
model for any optimization design state. Since shell element model is the highly accurate
model in terms of capturing eccentricity effects, the results have been compared to the
shell element model optimization process.
An optimization process using only the shell element model is shown in Figure
50.

Figure 50. Setup of shell element model optimization process

The shell element optimization process works similar to the intelligent decision
making tool optimization process in terms of design variables, constraints and objective.
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The outputs of shell element model ANSYS SIMCODE component, which are stress,
deflection and volume, are mapped back to the optimization process. The shell element
model does not have an accuracy expectation as it has the highest accuracy. Accuracy
expectation is only used for switching between beam and shell models using the
intelligent decision making tool, where beam element models can be used as substitute
for shell element models when they satisfy the accuracy condition setup by the
optimization process. This saves computational time and cost.
Sample problems 1, 2 and 3 and 6 formulated in section 9 have been used for the
optimization process by using the shell element model for checking the validity of
automated optimization process using the intelligent decision making tool. Sample
problems 4 and 5 have not been used for validation of the results as they ran only with
either beam or the shell element model for the whole optimization process without using
a combination of beam and shell element models due to their eccentricity, accuracy
expectation and length, height, width ratios. Table 13 shows the problem formulation and
Table 14 shows comparison of the two models.
Table 13. Formulation of sample problems for the shell element optimization
problem
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Table 14. Optimization results obtained for an I-beam optimization problem

Table 14 shows the difference in the models in terms of the objective function, i.e.,
Volume and CPU processing time.
Percentage reduction in CPU time is taken as 100*(Shell element only CPU time intelligent model selector CPU time)/ (shell element only CPU time)
Percentage increase in volume is taken as 100* (intelligent model selector optimal
volume - shell element only optimal design volume) / (shell element only optimal design
volume).
The sample problems have been formulated in a way that all the possible
eccentricity ratios have been considered to analyze the differences in optimization
process of shell element process and intelligent decision making process. Validation of
the intelligent decision making tool optimization process with the shell element
optimization process has been done in 2 ways.
Firstly, the difference in the optimization objective of the models using only shell
element model for optimization process and using intelligent decision making tool to shift
between beam and shell element analyses models is between 25-55%. The time required
to run the shell element optimization process is almost 30-80% more than the time
required to run the intelligent decision making tool optimization process. Hence, using
the intelligent decision making tool to shift between the beam and the shell element
models based on criteria improves time and memory requirement constraints. When there
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is no eccentricity of the load, the beam element works as accurately as the shell element.
But when eccentricity exists, shifting between the beam and the shell element models
saves time and memory. Since shell element model is computationally expensive, it is
more logical to tradeoff using the beam element model depending on certain design
criteria to obtain optimization results which vary just 25-55% from the shell element
model.
Secondly, percentage of shell analysis models that ran during an optimization
process using the intelligent decision making tool have also been tabulated. It can be
observed that as the number of shell analysis model runs increase for an automated
optimization process, the differences in the results of the shell element model
optimization process and the automated decision making optimization process decrease.
Table 15. Percentage of shell element model used vs. error in the processes

From Table 15 we observe that as the usage of the shell element model keeps
increasing during the intelligent decision making tool optimization process, the shell
element model optimization process shows less deviation in the results. This is because
more usage of the shell element model implies that the model is getting more accurate
though the computational costs are high.
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An increase in eccentricity value makes the optimization process use a large
number of shell elements for the values of the design variables obtained during the design
optimization state. The increase in number of shell elements increases the accuracy of the
model as the shell element models capture the eccentricity in a more accurate way than
beam element models for constant length/height and length/width ratios.
Optimization process using the intelligent decision making tool has been proved
to be an efficient way of optimizing the I-beam in terms of reducing the computational
time and cost without much compromise on the results of the optimization. None of the
tools that exist right now have the functionality of switching between the analysis models
during an optimization process for a given design optimization state. For example,
ANSYS allows logical statement to be written for analysis and optimization problems.
Yet, it doesn’t handle shifting between two different analysis models for an optimization
problem during its design states.
Hence, importing knowledge from ontological knowledge base and using it to
drive analysis and optimization tools to automate the processes is an efficient way of
reusing and interoperating knowledge between tools in distributed product development
environments. This knowledge can later be used for inspection/sharing and generating
technical reports.
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CHAPTER 11

VALIDATION OF OWL EAM ONTOLOGY, TECHNICAL REPORT
COMPONENT AND SECURED KNOWLEDGE SHARING COMPONENT
WITH INDUSTRIAL APPLICATION

The EAM ontology, technical report component and secured knowledge sharing
components have been validated with an industrial application, Catheter clamping-open
clamp. The catheter clamp is a product of BD4 Medical, which offers infusion therapy
products and services such as IV catheters, fluid management components, peripherally
inserted catheters and invasive monitoring devices. A catheter is a tube that can be
inserted into a body cavity, duct or vessel. Catheters allow drainage or injection of fluids
or access by surgical instruments. Placement of a catheter into a particular part of the
body may allow drainage of fluids, administration of intravenous fluids, measurement of
blood pressure, administration of medications, angioplasty etc.
Catheter clamp is a holder for clamping in place a catheter or other hallow tube,
such as a urinary catheter tube, a nasogastric tube or intravenous tube on a patient’s body.
A simple catheter clamp is as shown in Figure 51. The clamp is adjustable so as to be
capable of holding the catheter tube against rotary and longitudinal movement, and also
be capable of partially or completely closing the bore of the catheter tube by deforming
the tube wall.

4
BD (Becton, Dickinson and Company), a global medical technology company focused on improving drug therapy, enhancing
the diagnosis of infectious diseases and advancing drug discovery.www.bd.com
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Figure 51. Simple catheter clamp
11.1 Catheter clamp analysis model

Analysis of catheter open clamp used for BD’s products has been done to
determine the actuation force of the tube into the clamp for two specified positions, 0.07”
and 0.2” from slot end. Figure 52 shows the analysis model of the catheter clamp. As
seen from the figure, the distance from the slot end means the distance from the end of
the slot to the center point of the tube. The slot end is shown with the arrow. The current
open clamp design has also been used to determine the clamping forces acting on the tube
and the clamp interface for each tube position (0.07” and 0.2”). The empirical data for the
clamp design has been used to decide a coefficient of friction that would closely correlate
with the measured results. This calibrated coefficient of friction value which will later be
used to predict actuation forces of other clamp models. Solid models for the clamp and
the tube have been developed and integrated using ABAQUS5 analysis tool. The material
used for clamp design is polycarbonate Bayer makrolon with an yield strength of 9794psi
and yield strain of 0.02887. Tube is made up of nearly incompressible hyper elastic
5

ABAQUS is a product of SIMULIA. http://www.simulia.com/
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material with modulus of 1600psi and poisson’s ratio of 0.33. Due to privacy concerns,
the actual dimensions of the clamp and the tubing are not included in the documentation.

Figure 52. Analysis model of the catheter open clamp

The analysis model is a plane strain model with an assumed thickness for the rib on the
far left and the main clamp body. Figure 53 shows the nodes of the clamp that were held
fixed during the analysis.

Figure 53. Nodes in orange show the edges held fixed during the analysis
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Figure 54 shows the two different insertion positions, 0.070” and 0.2” from the slot end.

Figure 54. Two different insertion positions

The clamp was assumed to have nonlinear plastic material properties of
polycarbonate makrolon. The tube component is assumed to be made up of nearly
incompressible hyper elastic material. Actuation force predicted for position distances of
0.07” and 0.2” from slot end are 4.15lb and 1.34lb respectively. Clamping force acting on
the tube and the clamp interface for each tube position has also been determined. For the
tube position of 0.07” from slot end, the clamping force predicted is 28.6 pounds and for
the tube position of 0.2” from slot end, the clamping force predicted is 9.24 pounds.
As expected, the actuation and clamping force increased as the tube is further into
the slot. Also the calibrated coefficient of friction value of 0.15 best matched the test data
for the open clamp. This value will be used in future to predict the actuation forces for
other clamp designs. Based on the analysis, the most dramatic effect was caused by the
distance of tube insertion for the open clamp geometry. Clamp geometry open clamp or
closed clamp also has a significant effect on the actuation force. The Von Mises stress for
the open clamp geometry for both the insertion distances have also been obtained. Most
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of the cases, the stresses obtained would not exceed the yield strength of the
polycarbonate makrolon material.
Additional analysis has been performed to determine the effects of boundary
condition assumption on the clamping forces. The boundary condition has been changed
such that all the nodes on the base of the clamp have been held fixed for predicting the
clamping force. Results obtained show that clamping force decreased with changed
boundary conditions. In conclusion, the analyses of the clamp show that the insertion
distances play a significant role in the actuation force.
11.2 Developing EAM ontology instance for the catheter open clamp model

Ontological instance for catheter open clamp has been developed. The ontological
instance contains knowledge about the objectives, input/output parameters, accuracy
expectation, limitations and idealizations of the analysis model. The input parameters of
the catheter open clamp model are the geometry of the clamp and the insertion distance
from the slot end. The output parameters are the clamping and the actuation forces at two
different specified positions of 0.07” and 0.2” from the slot end. The limitations of the
clamp analysis model are plain strain model, nearly incompressible hyper elastic material
used for the tube, non linear plastic material properties assumed for the clamp and the
placement of the tube using analysis software, where the placement of tube in the
required position has been done by holding two nodes in the x-direction. The model
idealizations are altered boundary conditions of the clamp and the prediction of calibrated
coefficient of friction so that the analytical predictions closely match the physical test
data. The knowledge about catheter clamp will be used to generate customized technical
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reports and represent knowledge in a secured environment to be used by other
applications as parameters.
Figure 55 shows the instance of analysis modeling knowledge of catheter open clamp
within the Protégé environment.

Figure 55. Analysis modeling knowledge of catheter clamp instance within Protégé
environment
11.3 Generation of Technical report in iSIGHT-FD using catheter clamp analysis
modeling knowledge

Implementation of Tech report method has been detailed in Section 4. The Tech
report method will now be used to generate technical report for the catheter clamp
instance. As explained in section 4, the instance can be selected using the Interoperate
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OWL KB component and this instance will be passed to the Tech report component for
generating the report. Also parallel class of technical report sentences and permissions
has been created for the catheter clamping-open clamp instance and will be used to
generate the technical reports. Figure 56 shows the “Inspect-It” button which displays the
knowledge of an instance in the Protégé instance format. The “+” button, as shown in
Figure 56 allows the user to select a slot and its value and make it an iSIGHT-FD
parameter just with a button click. The slot and its corresponding value will then be
iSIGHT-FD parameters with the same data type as in the OWL knowledge base.

Figure 56. Inspecting instance knowledge of the Catheter clamping-open clamp
analysis model

If the selected slot is of type Instance, then the “Inspect-It” button allows the user
to look at the knowledge of the instance. It also gives the ability to add slots of this
selected second instance as iSIGHT-FD parameters. The “++” button allows the user to
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make the instance as an OWL instance pointer so that the user can view the knowledge
within product development environment.

a) Selected instances represented as “Owl Pointers”
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b) Technical report generation component

c) Configuring word component
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d) Running the components

e) Generated Technical report
Figure 57. Generating technical reports for multiple instances

Figure 57 shows how the instance can be selected and used to generate technical
report. The OWL instance pointers can be used to inspect the knowledge and also pass
the parameters to other iSIGHT-FD components to generate secured technical reports.
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11.4 Secured sharing of catheter clamp analysis modeling knowledge using iSIGHTFD

For secured sharing of analysis modeling knowledge method, permissions have
been introduced for accessing various technical reports, while at the same time giving
privileges for the user based on his/her permission to access the knowledge. Details have
been discussed in Section 5. Permission based technical reports for catheter clamp
analysis modeling knowledge will now be discussed.
Figure 58 shows the difference in accessing the instance knowledge based on
user permission for the catheter clamping-open clamp instance.

(a) Accessing instance knowledge without secured knowledge sharing
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(b). Accessing instance knowledge with secured knowledge sharing
Figure 58. Accessing knowledge of catheter clamping-open clamp instance

From Figure 58, it can be seen that knowledge and shareability is based on the
user permission. The user with highest permission (full accessibility to the knowledge
base) can see all the knowledge associated with an ontology instance whereas as the user
with less accessibility can only see parts of the knowledge base. Hence the user with
highest permission can see knowledge associated with the whole catheter clamping- open
clamp instance including limitations, idealizations, inputs, outputs etc., whereas the user
with low permission can only see parts of the knowledge. Secured technical reports for
parts of the knowledge can also be generated for catheter clamping-open clamp instance
as discussed in Section 5 and Appendix A.
11.5 Validation

Catheter clamping-open clamp instance which has been developed based on an
industrial application obtained from BD Medical Systems served as a means to create an
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EAM ontology instance and validate the tech report and secured knowledge sharing
components. As discussed above, the developed instance can be used to generate
technical reports, inspect knowledge associated with the instance and also permit secured
knowledge sharing. Also parts of the knowledge can be securely viewed and used to
generate partial technical reports based on user permission level. Multiple technical
reports of instances can also be generated using secured knowledge sharing in a web
based environment like iSIGHT-FD.
iSIGHT-FD provides visual and flexible tools to set up an automated plan to
thoroughly explore the design space and find optimum and product solutions. Methods
can be developed to grab knowledge from the catheter clamping-open clamp instance as
input/output parameters and used in a web based environment like iSIGHT-FD for
driving applications like analysis, optimization, design of experiments, design of six
sigma etc.
One such method can be modifying the design of the clamp for more effective
clamping of the tube. For example, with an alternate material which is blend of Cycoloy
and polycarbonate the gap at the inside surface of the tube which causes leakage can be
reduced by 10%. But change in material might affect other design parameters like
actuation force, clamping force and coefficient of friction. iSIGHT-FD’s design
exploration tools can help the user decide upon the change of the material used for clamp
design . Input parameters for this tool would be the clamp design model, tube properties,
the material used for the clamp design and the insertion position. The outputs of the
model would be actuation force, clamping force and the gap at the inside surface of the
tube. Using the knowledge obtained from the input parameters and the values calculated
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by the design exploration tool as the output parameters, the effectiveness of material
change for the clamp design can be evaluated. Similarly the design exploration tool can
further be extended to modify the clamp design to reduce the potential for yielding and
fatigue due to multiple user activations. The design exploration tool would result in
deciding the critical parameters that would affect the design of the clamp.
Also, iSIGHT-FD’s web based environment helps the user to visualize the design
results in real time. A second method would be mapping the knowledge base parameters
to iSIGHT integrated VCollab environment where the user can easily share and view the
CAD/CAM/CAE simulation results. The CAE simulation knowledge capture of VCollab
helps in improved decision making during design reviews, i.e., it helps improving
innovation through visual collaboration. For this method, the input parameters can be
design model of the clamp (Inner diameter, outer diameter etc.) and the insertion position.
The user can then visualize the gap in the inner side of the tube and hence design in a
way to reduce the leakage caused by the gap.
Grabbing the knowledge associated with an analysis model and being able to
parameterize the knowledge as input/output parameters in a web based environment
serves as an excellent way to develop methods which further operate on this knowledge
to automate the design process with many design alternatives, resulting in better and
more reliable products. The catheter clamping-open clamp instance served as an excellent
example to validate the EAM ontology, the tech report and secured knowledge sharing
methods. It further demonstrated the effect of interoperability of analysis modeling
knowledge in automating the processes while reducing the cost and processing times.
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Such advancements help industries reduce the product life-cycle time and cost to gain
and maintain a competitive edge.
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CHAPTER 12

SUMMARY

Within the knowledge modeling community the use of ontologies in the
construction of knowledge intensive systems is now widespread. EAM ontology has been
developed for representing and sharing engineering analysis modeling (EAM)
knowledge. The development of an EAM ontology is knowledge based activity and there
are no current systems that provide efficient mechanisms to capture and share this
knowledge in a computational environment. The EAM ontology has been instantiated to
develop ONTEAM. Methods have been developed that operate on the EAM knowledge
stored in ONTEAM to enable sharing, reuse and interoperability of analysis modeling
knowledge in a product development environment with fine grained control of
knowledge sharing.
One such method is the automatic technical report generation method which
allows the user to generate a flat technical report that describes the modeling knowledge
associated with an analysis model. The technical report method generates meaningful
sentences associated with knowledge instances. A parallel class of “Tech report EAM”
has been developed to create meaningful sentences for the generation of technical report.
This method has been extended to develop functionality for knowledge inspection, using
Protégé look and feel environment, and sharing knowledge in the form of parameters so
that pieces of knowledge from the ontological knowledge base can be passed as
parameters in a product development environment to be used by other components.
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The secured sharing of ontological knowledge has been made possible by
implementing “Permissions” on the knowledge. A parallel class of permissions has been
created using JAVA programming, where the permissions associated with the knowledge
have been stored. The permission associated with the knowledge has been compared to
the user permission to grant privilege for the user either for viewing or sharing the
knowledge. Permission based knowledge control has been implemented at the slot and
the instance level hence maintaining a fine grained control over sharing of analysis
modeling knowledge in a product development environment.
The knowledge format for ontological knowledge base has been changed to
standard OWL representation. OWL files support format for effective sharing, reuse and
interoperability of analysis modeling knowledge. This format extends the functionality of
working with standard tools in a product development environment. The catheter
clamping-Open clamp analysis modeling knowledge obtained from an industrial
application of BD Medical systems has been used test the OWL EAM ontology, technical
report component and the secured knowledge sharing component to understand the
advantage of using abstract modeling knowledge in secured access/viewing and sharing
of analysis modeling knowledge in a distributed and collaborative environment.
ANSYS, a commercial analysis tool has been componentized in a product
development environment. This component helps to run analysis models and share the
inputs/ outputs associated with the model. The optimization component in iSIGHT-FD
has been used to run the optimization process. A test bed application, I-beam model, has
been taken to demonstrate the power of knowledge sharing in developing automated
analysis and optimization systems. Two analysis models for I-beam, the beam element
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model and the shell element model have been developed. The shell element model is the
highest accuracy model as it can capture the eccentricity of loading. The beam element
model cannot capture the eccentricity of loading. It is very much accurate as the shell
element model for certain length/height and length/width ratios depending on the
accuracy expectation of the optimization problem. An intelligent decision making tool
helps in optimizing the volume of the I-beam using both the beam and the shell element
models. This tool intelligently shifts between the beam and the shell element models for
optimizing the I-Beam. The decision for shifting between models is based on the
length/height, length/width ratios and accuracy expectation.
The results of the optimization process, i.e., variables, constraints and the
objective function are written back to the ontology. These results get stored as instances
based on various I-beam optimization problems being solved and will be helpful to
decide the best model for a new I-beam optimization problem. For example, for modeling
a new I-beam, the user can refer to the available I-beam models to gain an understanding
of the design parameters required to model it. The user can also query a particular class
of models based on criteria like variables, constraints and objective function.
Writing the knowledge associated with the optimization process back to ontology
also helps the user to obtain prior understanding of the model and relax the necessary
constraints and objective function for obtaining the design parameters and vice-versa.
This also reduces the processing cost and time involved in developing new models.
Ontological knowledge has been integrated to EnCapta, a CAD integrated
environment which links the parameters of CAD models directly to the knowledge base.
Hence changes to engineering models can be captured and managed as objects and linked
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to the relevant geometry in the CAD models. This supports distributed and collaborative
sharing of CAD integrated knowledge throughout the enterprise.
EAM ontology has been developed to be applicable to all engineering analysis
models. To facilitate reuse, adaptation and interoperability of engineering analysis
models in a product development environment, a computational knowledge base system
ONTEAM has been developed. Methods which work on the knowledge existing in
ONTEAM help in knowledge exchange, inspection and sharing in a product development
environment. When the knowledge gets integrated to a product development environment
using a CAD integrated environment like EnCapta, the power of the developed methods
and automated systems can be demonstrated. While the methods aid in secured sharing
and reusability of analysis modeling knowledge, the developed automated systems help
in solving optimization problems within time and complexity constraints using intelligent
decision making tools. The results obtained from an optimization process using are
written back to ontology to facilitate reusability of existing models. The uniqueness of
such process lies in the fact that the user can use the associated modeling knowledge to
query the available models, relax the constraints based on the results obtained from the
available models and hence reduce the processing time and cost involved in developing
new models. Together the ontological knowledge coupled with the developed methods
form a powerful tool for developing knowledge integrated automated systems in a
product development environment.
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CHAPTER 13

FUTURE WORK

Interoperability and reusability of engineering analysis modeling knowledge helps
in generating automatic customized technical reports for industrial models. The
functionality has been extended for secured sharing and inspection of knowledge in a
product development environment. Knowledge from an ontological knowledge base has
been brought into a product development environment, iSIGHT-FD to run the processes
of analysis and optimization. The intelligent decision making tool that has been
developed makes the optimization process automated in the sense of selecting the right
analysis model for a given design optimization state.
Currently the modeling knowledge from the ontological knowledge base is
brought into a product development environment as input parameters of the data type’s
real, string and Boolean. Work has been done by one of my colleagues to integrate an Ibeam model in a CAD-environment where the input geometric parameters are directly
linked to the CAD design parameters using EnCapta. Pro-Engineer has been integrated to
EnCapta and the ontological knowledge base has been instantiated in EnCapta. This
allows import/export of captured knowledge using the EnCapta tool into/from OWL
database. Future work might involve using the knowledge from EnCapta directly in the
product development environment so that information can be passed into/ out of the
ontological knowledge base through the product development environment. Results from
the optimization process, for example, an I-beam optimization process, can then be
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directly written to the knowledge base and be used to generate multiple technical reports
for the results of an optimization process.
Methods can be developed which include constraints for reasoning on an
ontological knowledge base. This means developing a way to include the first order logic
in ontologies. This tool can allow putting some restrictions on the knowledge bases and
also for validating the acquired knowledge. For example, for the I-beam optimization
problem one of the design limitations is that the length/width or the length/height ratio
cannot be less than 5 as it makes the computation cost very high and the associated finite
element model takes a lot of memory to run the model. This constraint can be included in
the ontology as a first order logic statement which checks the validity of the knowledge
being instantiated.
Development of intelligent decision making tool is the first step in automating an
optimization process in terms of selecting the right analysis model. Intelligent tools can
further be developed with functionalities which automate the analysis and optimization
processes. For example, if an analysis model does not have a solution for an optimization
problem, an intelligent tool can be developed which modifies an optimization problem
based on certain constraints for which the analysis model can find a solution. Hence
interoperability and reuse of analysis modeling knowledge can support sharing and using
of critical modeling knowledge in an efficient way.
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APPENDIX A

CUSTOMIZED GENERATION OF TECHNICAL REPORTS

This appendix details the customized generation of technical reports based on
users permission and also shows how multiple technical reports can be appended to form
a single technical report. Figure 59, Figure 60, Figure 61, Figure 62, Figure 63, Figure 64,
Figure 65 and Figure 66 show the selection of the appropriate instances for which the
technical report has to be generated. For example for the username and the permission
specified, the user has a permission of 1 for the generation of technical report for all the
instances.

Figure 59. Permission for the instances for the generation of technical reports

Permission level of 1 is the highest permission level which gives user the
privilege to see all the available knowledge associated with the instance. The user with
highest permission level can also generate technical reports for lower permission levels,
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like for values 2 and 3. Figure 60 shows the selection of permission level by the user who
has the permission level 1. The user can also select the permission level for the technical
report for permission level 2 and 3 as he/she has the highest permission level, i.e., 1.

Figure 60. Permission levels 2,3 and 2 selected by the user who has permission level
of 1
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Figure 61. Technical report for CCSB_model instance generated with permission
level 3

Figure 62. Technical report for EAM-ontology_instance_1000 instance generated
with permission level 2
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Figure 63. Technical report for EAM-version_B_00440 instance generated with
permission level 2
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Figure 64. Permission levels 3, 1 and 3 selected by the user who has permission level
of 1

Figure 65. Technical report for CCSB_model_1 instance generated with permission
level 1
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Figure 66. Technical report for EAM-ontology_instance_1000 instance generated
with permission level 2

Figure 67, Figure 68 and Figure 69 show appending of multiple technical reports to a
single report using iSIGHT-FD’s Word component.
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Figure 67. Multiple instances for generating technical reports

Figure 68. Selecting the CCSB-model-1 instance for generating technical report
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Figure 69. Appending multiple instances for the technical report
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APPENDIX B

ANSYS COMMAND FILES FOR BEAM AND SHELL ELEMENT MODELS

Beam element model

/output, TERM
/graphics,power
/triad,lbot
/auto
/view,1,1,1,1
/eshape,1
/output, TERM
h= 4
w= 20
t= 0.5
l= 100.0
/prep7
et,1,188
keyopt,1,1,1
r,1,
mp,ex ,1,10e7
mp,nuxy,1,0.3
mp,dens,1,.1/386.1
sectype,1,beam,i,IBEAM
secoffset,cent
secdata,w,w,h,t,t,t
k,1,0,0,0
k,2,l,0,0
k,3,l/2,5,0
l,1,2
latt,1,1,1,,3,,1
esize,1
lmesh,all
finish
/solu
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antype,static
pstres,on
dk,1,all
fk,2,fy,1000
allsel,all
ALLSEL,ALL
SOLVE
FINISH
/POST1
nsort,U,SUM
*get,U,sort,,max
/output, TERM
etable,evol,volu
ssum
*get,vtot,ssum,,item,evol
*GET,smax,SECR,ALL,S,X,MAX
/output, TERM
*DIM,VALUE,,3,3
*VFILL,VALUE(1,1),DATA,U,vtot,smax

/OUTPUT,'outputbeam','txt','C:\neelima project\Ibeam'
*VWRITE,Value(1,1)
(F15.8)
/output, TERM
finish

Shell element model

/output,TERM
THICK= 0.7
Height= 12.0
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Width= 8.0
len=
100.0
h=Height/2
w=Width/2
alpha=0.2!meshing
eccen= 1.0
size=alpha*w
locon=-(eccen*w)
/graphics,power
/triad,lbot
/auto
/view,1,1,1,1
/eshape,1
/output,TERM
/prep7
et,1,181
keyopt,1,3,2
r,1,THICK
mp,ex ,1,10e6
mp,nuxy,1,0.3
mp,dens,1,.1/386.1
k,1,0,0,0
k,2,0,h-THICK/2,0
k,3,w,h-THICK/2,0
k,4,-w,h-THICK/2,0
l,1,2
l,2,3
l,2,4
lsymm,y,all
k,10,0,0,len
l,1,10
allsel,all
adrag,1,,,,,,7
adrag,2,,,,,,7
adrag,3,,,,,,7
adrag,4,,,,,,7
adrag,5,,,,,,7
adrag,6,,,,,,7
nummrg,kp
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FLST,2,6,5,ORDE,2
FITEM,2,1
FITEM,2,-6
FLST,2,6,5,ORDE,2
FITEM,2,1
FITEM,2,-6
AESIZE,P51X,alpha*w,
FLST,5,6,5,ORDE,2
FITEM,5,1
FITEM,5,-6
CM,_Y,AREA
ASEL, , , ,P51X
CM,_Y1,AREA
CHKMSH,'AREA'
CMSEL,S,_Y
!*
MSHKEY,1
AMESH,_Y1
MSHKEY,0
!*
CMDELE,_Y
CMDELE,_Y1
CMDELE,_Y2
finish
/solu
antype,static
pstres,on
/output,TERM
lsel,s,loc,z,0
dl,all,,all
!added
seltol,0.0002
NSEL,S,LOC,X,locon
NLIST,ALL, , , ,NODE,NODE,NODE
NSEL,R,LOC,Y,(Height-THICK)/2
NSEL,R,LOC,Z,(len)
f,all,fy,1000
ALLSEL,ALL
SOLVE
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FINISH
/POST1
nsort,U,SUM
*get,U,sort,,max
etable,evol,volu
ssum
*get,vtot,ssum,,item,evol
nsort,S,EQV
*GET,smax,SORT,0,MAX
*DIM,VALUE,,3,3
*VFILL,VALUE(1,1),DATA,U,vtot,smax
/OUTPUT,'SHELL OUTPUT','out','C:\neelima project\Ibeam\Static analysis for beam'
*VWRITE,Value(1,1)
(F15.8)
/output, TERM
finish
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